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TITLE: AMYLASE SYNERGY WITH OXYGEN BLEACH IN WAREWASH
APPLICATION

CROSS-REFERENCE

This application i3 related to and claims priority wader 35 US.CL§ T80 ULS,
Provisional Application Ser. Na. 62/968,225 filed on Jannary 31, 2020 and entitled
“AMYLASE SYNERGY WITH OXYGEN BLEACH IN WAREWASH APPLICATION™,
the entire contents of this patent application are hereby expressly incorporated herem by
reference.
TECHNICAL FIELD

The present disclosure redates to detergent compositions effective for soil removal,
partioniacty for the removal of starch soils. The detergent compositions comprise an amylase
and an oxygen source. Methods of making and using the detergent compaositions are also
provided herein.

BACKGROUND

Effective cleaning 18 a crucial component of many industries; there can be severe
consequences i not done properly. Cleaning involves the removal of soils and residues from
surfaces, leaving them visually clean. Disinfection, the removal of microorganisms, may
follow cleantng. However, for disinfection to be effective thorough cleaning must first ocour.
Generally, a cleaning regime involves rinsing away debris, cleaning using detergents and
vinsing again. The detergent used to rersove soif often depends on the type of soil present and
the type of surface,

Typical surfaces in need of soil removal ineluding food processing surfaces, hard
surfaces mchuding warewashing surfaces, and laundry/textile surfaces, smong others, The
moest common soils include protens such as meat, egg, mulk, kerating carbohydeates suach as
sugar, eellulose, and starch; oils such as animal fats, vegetable oils, sebum, mineral o, and
grease; other food product soils; urea and minerals, such as compounds containing calcium

and magnesium, to name a few. Starch removal in particular can pose a challenge. Starch-~

&

based soils can accumulate on surfaces, becoming increasingly difficult to remove, For
example, starchy soils may accumulate on ware, including for example, sating utensils,
plates, bowls, pots, pans, glassware, and the like. Ware can be made of ware glass, plastic,
ceramnic, and/or metal, Slarchy soils may also scoumulate on 8 {aundry swrface, including for

example napkins, tablecloths, uniforms, towels, linens, and the like. 1f starch soils are not

i
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deeply embedded or strongly adhered to the surface of the article, increasing the difficulty of
removal. Adhered and embedded starch soils are also more hikely to attract additional soil,
leading to bulld up over time. This adhered and embedded buildup often cannot be removed
by conventional washing compositions and methods. Such soils most then be removed by
thorough manual cleaning and/or higher concentrations or quantities of a cleaning
composition. Manual cleaning is time consuming, and the use of higher quantities ot
detergent composition can erode surfaces over time, leading to the need o replace articles
more frequently, Both contribute to higher costs and decreased efficiency.

Conventional detergents are frequently phosphate-based, highly alkaline compositions
comprising a chlorine bleach. However, the high allalinity and the chlorine bleach have
proved to be o sggressive and hazardous for common use, There is therefore a growing
interest in replacing these compositions with detergents operable under less alkaline and
gentler {chlorine free) bleaching conditions,

For example, 1LS. Pat. No. 8,092,613 secks to remove starch buildup by using several
compositions apphied is several steps. ULS. Pat. No. 8,092,613 involves treatiment with a first
atkalme defergent composition, 4 second scidic compostbion, and an additional treatment with
the alkaline detergent composition. These compositions ave administered separately, and in
some cases are stored separately. The use of multiple compositions increases cost and
decreases efficiency.

ULS. Pat. No. 9,909,958 feaches a detergent composition for removing soil using a
bleach catalyst and mitld alkaline defergent materials, such as sodium carbonate, rather than
harsher caustic materigls. However, ULS. 9909 958 {ails to consider or appreciate the
interaction between an enzyme and bleach composition.

LS. Pub, No, 2018/0044613 is focused on the removal of protein soils, which differ
from starch soil removal, As such, ULS. Pub. No, 20180044613 relies on the inferaciion
between MGDA, GLDA, and an alkali metal tripolvphosphate to provide improved removal
of soils, LIS, 20180044013 does not appreciate the iteraction between bleach components
and enzymes to substantially enhance starch soil removal

ULS. Pub. No, 2018/0216041 combines a bleach catalyst together with MGDA,
GLDA, and an alkali metal tripolyphosphate to provide noproved removal of soils. However,

ke ULS, 20018/0044613, ULS, 2018/0216041 provides only a brief discussion of enzvmes, as

¥ \

they are optional, U.S, 2018/0216041 also fails to teach the insight regarding the interaction

between bleach components and enzynies to substantially enhance starch soi} removal,

b
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In sum, existing compositions fail to successtully combine enzymes with detergent
compositions containing active bleach components such as oxygen sources and bleach
activators, Thix is because many compositions using bleach components—whether chlorine
bleaches or the gentler percarbonate bleaches—are incompatible with engymes. Often when
an enzyme is combined into a detergent composition containing bleach components, the
enzyme 13 inactivated fully, leading to no improvement in soil removal, or partially leading to
minimal improvement in soil removal, Little or no improvement in soil removal efficacy
tvpically does not justify adding an enzyme to the composition as the benefits provided by
the enzyme are outweighed by the cost of the enzyme fself and the cost of still needing to use
a high quantity {or concentration) of the other soil rentoval components. The benefits of
enzyme use have i the past been further muinimized by the problem of enzyme stability:
without an enzyme stabilization system {which adds to the cost of the composition overall)
many enzymes degrade over time or cannot otherwise be easily incorporated into
dumensionally stable sohd block compositions.

As a result, there is @ need to develop detergent compositions which utilize mild
atkaline defergent materials but still provide effective soil removal on stubborn soils, such ag
starch soils,

There 1s also still a need to develop detergent compositions that combine bleach
components—such as oxygen sources and bleach activators—and enzymes without leading to
the complete or partial inactivation of the engyme.

There is a further need to develop detergent compositions corabinng bleach
componenis and enzymes that are dimensionally stable, pernutting the compesition o be
produced and stored as a solid block.

There s a still further need 1o develop mild alkaline detergent conypositions which
remove stubbor soils in as few as one wash gycle.

There 13 also a need to develop detergent compositions capable of removing stubborn

Lot

seils i a more cost-effective manuer,

It has surprisingly been found that a detergent composition comprising an alkah metal
carbonate as # spurce of alkalinity, 8 peroxygen source, an iron or manganese peroxidation
catalyst, and an amylase enzyme 13 not only stable and cost-effective but provides a
synergistic soil removal on stubbora soils, such as starch soils.
BRIEF SUMMARY OF THE PREFERRED EMBODIMENTS

A preferred embodiment i3 divected to a detergent composition comprising an

alkalinity source, one or more surfactants, an oxygen source, a bleach activalor, an amylase,

il
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and one or more chelating agents. In a most preferred embodiment, an additional enzyvme is
also included.

A preferred embodiment s divected 1o a method of cleaning a surface comprising
combining a detergent composition comprising an alkalinity source, one or more surfactants,
an oxygen source, a bleach activator, an amylase, and one or more chelating agents, with
water to form a use solution; and contacting the detergent composition with a surface,
wherein the surface is soiled with g starch~-based soil; wherein the composition removes the
starch-based soil.

BRIEF DESCRIPTION OF THE FIGURES

Fig. 1 shows a comparison of soil removal demonstrated by a base detergent
composition, a detergent -+ bleach composition, a detergent + enzyme composition, and a
detergent + bleach + enzyme compuosition.

Fig. 2 shows the same comparison as Fig. 1, Le., comparing the soif removal
demonstrated by a base detergent composition, a detergent + bleach composition, 8 detergent
+ enEyme composition, and a detergent + bleach + enzyme composition, except Fig. 2
employs a different amylase species.

Fig. 3 evaloates the compatibility of various detergent compositions with amvlase
enzyvmes as evidenced by sol removal efficacy

Vartous entbodiments of the compositions will be deseribed in detat] with reference to
the figures, Reference (o various embodiments does not it the scope of the invention,
Figares represented herein are not himitations to the various embodiments according to the
tnvention and are presented for exemplary iHustration of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The compositions described herein relate to detergent compositions emploving an
atkali metal carbonate as a source of alkalinity, g peroxygen source, an iron O manganese
peroxidation catalyst, and an amylase enzyme. The detergent compositions have many
advaniages over conventional alkali metal carbonate andfor alkalt metal hydrexide
detergents, and conventional detergents containing enzymes. For example, the detergent
compositions deseribed herein are stabke and cost-effective, while providing substantially
improved soif removal efficacy.

The embodiments described herein are not Limited to particular enzyme-containing
alkaline detergent compositions, which can vary and are understood by skilled artisans. B is
further to be understood that all terminelogy used herein iy for the purpose of describing

particular embodiments only and is not intended 1o be limiting in any manner or scope. For

4
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exaraple, as used in this specification and the appended claims, the singular forms "8, “an”

and “the” can inchude piuml referents unless the content clearly mdicates otherwise. 1t should

also be noted that the term “or™ is generally employed in its sense including “andifor™ unless

the content clearly dictates otherwise, Further, all units, prefixes, and symbols may be
denoted in its ST accepted form.

Numeric ranges recited within the specification are melusive of the numbers defining
the range and include each infeger within the defined range. Throughout this disclosure, various
aspects of this invention are presented in a range format. It should be understood that the
description in range format is merely for conventence and brevity and should not be constroed
as an inflexible Hmitation on the scope of the invention.  Accordingly, the description of a
range should be considered to have specifically disclosed al the possible sub-ranges, fractions,
ard individoal numerical values within that vange. For example, description of a range such as
from 1 o 6 should be considered 1o have specifically disclosed sub-ranges such as from 1 1o 3,
from Hio 4, from 1o 3, from 2104, from 2 o 6, from 3 to 6 ete., as well as individpal numbers
within that range, for example, 1, 2, 3, 4, 5, and 6, and decimals and fractions, for example,
12,38, 4 and 434 This apphies regardless of the breadih of the range.

For clarity, certain terms are first defined. Unless defined otherwise, all technical and
scientific terms used herein bave the same meaning as commuonly wderstood m the field
Many methods and materials similar, modified, or equivalent to those deseribed herein can be
used i1 the practice of the embodiments described herein without undue experimentation, the
preferved maternials and methods ave deserthed herein, Tn describing and clamning the
emtbodinments described heren, the following terminology will be used in secordance with the

definitions set out below.

LEIREN WA

wi.%,” “percent by weight,” “% by weight.” and

boc

The term “weight percent,’
varitions thereof, as used herein, refer to the concentration of a substance as the weight of
that substance divided by the total wei gh‘i‘. of the composttion and multiplied by 1000 It ix
understood that, as used here, “percent,” “%,” and the like are intended to be synonymous
with “weight percent,” “wi %, ete.

The term “about,” as used herein, refers to variation in the numerical guantity that can
oceur, for example, through typical measuring techmiques and equipment, with respect to any
guantifiable variable, including, but not limited to, concentration, mass, volume, time,
temperatare, pH, reflectance, ele. Further, given solid and Hguid handling procedures used in
the real world, there is cortain inadvertent error and variation that s likely through

differences in the manufacture, source, or purity of the ingredients used {o make the

)
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compositions or carry out the methods and the Hke, The term "about” also encompasses
arnounts that differ due to different equilibriam conditions for ¢ composition resaliing from a

particular initial mixture. The term “about” also encompasses these variations. Whether or

not modified by the teem “about,” the clabms include equivalents fo the quantities,
3 The term “cleaning, “as used herein, refers to performing or aiding in any soil

removal, bleaching, microbial population reduction, or combination thereot,
The term “substantially similar cleaning performance™ refers generally to

achievement by a substitute cleaning product or substitute cleaning system of generally the
same degree {or at least not a stgnificantly lesser degree) of cleanliness or with generally the
I same expenditure {or at least pot a significantly lesser expenditure) of effort, or both,
As used herein, the phrase “food provessing surface”™ refers to a surface of a tool, a
machine, equipment, a structure, a building, or the like that is employed as part of a food or
heverage processing, proparation, or storage activity. Food processing sorface iy intended to

encompass all surfaces ased in brewing (including beer brewing and preparation of higuors

.
1.5

and spirits) aml winemaking processes {e.g., bright beer tanks and lines, fermentation vessels,
mash tuns, botthing equipment, pipes, and storage vessels). Examples of food processing
surfaces include surfaces of food processing or preparation equipment {e.g., boiling,
fermenting, shicing, canning, or transport equipment, inclading thanes), of food processing
wares {e.2., utensils, dishware, wash ware, and bar glasses), and of floors, walls, or fixtures of
20 structures in which food processing occurs, Food processing surfaces are found and
emploved m food anti-spotiage aiv circulation systems, aseptic packaging sanitizing, food
refrigeration and cooler cleaners and sanitizers, ware washing sanitizing, blancher cleaning
and sanitizing, food packaging materials, cutting board additives, thurd-sink sanitizing,
beverage chillers and wanmers, meat chilling or scalding waters, autodish sanitizers,
25 sanitizing gels, cooling {owers, food processing antimicrobial parment sprays, and non-to-
fow-agueous food preparation lubricants, oils, and rinse additives.

P24

As used heretn, the phrase “lood product”™ includes any foed substance that might
require treatment with an antimicrobial agent or composition and that is edible with or
without further preparation, Food products include meat (2.g., red meat and pork), seafood,

30 poultry, produce (g, froits and vegetables), eggs, living eges, egg products, ready to eat
food, wheat, sceds, roots, tubers, leafs, stems, corns, Hlowers, Sprouts, SSasonings, or a
combingtion thereof. The term "produce” refers (o fond products such as fruits and

vegetables and plants or plant-derived materials that are typically sold uncooked and, often,

unpackaged, and that can sometimes be gaten raw,

&
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As used herein, the phrase “health cave surface” refers to a surface of an instruoment, a
device, a card, a cage, furnilure, a structore, a butlding, or the like that is emploved as part of
a health care activity. Examples of bealth care surfaces include surfaces of medical or dentat
instruments, of medical or dental devices, of electronic apparatus emploved for monttoring
patient health, and of floors, walls, or fixtures of stractures in which health care occurs,
Health care surfaces are found in hospital, surgical, infirmity, birthing, mortuary, and clinical
diagnosis rooms.

The term “hard surface” refors to any surface which is or has a component which is
hard and typically non~ or minimally porous, such as walls, Hoors, counters, tubles, chairs,
bed-pans, diagnostic instruments, trays, pans, holders, racks, forceps, scissors, shears, saws
{c.g. bone saws and their blades), hemostats, knives, chisels, rongeurs, files, nippers, drills,
drill bits, rasps, burrs, spreaders, breakers, elevators, clamps, needle holders, carriers, clips.
hooks, gouges, cureties, retractors, straightensr, punches, extractors, scoops, keratomes,
spatulas, expressors, trocars, dilators, cages, glassware, tubing, catheters, cannulas, plugs,
stonts, scopes {e.g., endoscopes, stethoscopes, and arthroscopes) and related equipment, ware
such as ovens, toasters, microwaves, shelving, food storage containers, drving tacks, pans,
pots, mixers, blenders, chefffood preparation knives, bowls, whisks, baking sheets, cutlery
{knives, forks, spoons, efc.), plates, tongs, glasses, mugs, carafes, and the hke, or
combinations thereof,

As used herein, the term “ware” refers {o Hems such as cating and cooking wensils,
dishes, such as ovens, toasters, microwsnves, shelving, food storage containers, deyving racks,
pans, pots, mixers, blenders, chefffood preparation knives, bowls, whisks, baking sheets,
cutlery (knives, forks, spoous, etc.), plates, tongs, glasses, mugs, cavafes, and other hard
surfaces such as showers, sinks. toilets, bathtubs, countertops, windows, mirrors,
transporiation vehicles, and Hoors, and the like. As used herein, the term “warewashing™
refers to washing, cleaning, or rinsing ware. Ware may include materials comprised of metal,
ceramic, ching, and glass; “ware” also refers to Hems made of plastic, Types of plasties that
can be cleaned with the detergent compaositions deseribed heretn include but are not Timited
10, those that include polycarbonate polymers (PO senfonitrile-butadiene-styrene polymers
{ARS), and polysulfone polymers (PS). Another exeraplary plastic that can be eleaned using
the detergent compositions include polvethvlene terephthalate (PET).

The term “soft surface™ refers to any surface which is not a hard swrface, typically
mehuding a fabric surface, which refers to any knit, woven, and non-woven surfaces (such as

surgical garments, draperies, bed linens, bandages, etc.,), or patient-care equupment (snch as

7
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respirators, dagnostic equipment, shunts, body scopes, wheel chairg, beds, ete..), or laundry
surface.

As used hereln, the term “laundry™ refers to Hems orarticles that are cleaned ina
loundry washing machine. In geveral, laondry refers to any ftem or article made from or
mchuding textile materials, woven fabrics, non~-woven tabeics, and knitted fabrics. The textile
materials can include nataral or synthetic fibers such as silk fibers, linen fibers, cotton fibers,
polvesier fibers, polyamide fibers such as nylon, acrylic fibers, acetate fibers, and blends
thereof including cotton and polyester blends. The fibers can be treated or untreated.
Exemplary treated fibers include those treated for flame retardancey. 1t should be understood
that the term “linen™ iy often ysed to describe certain types of laundry itemy including bed
sheets, pilloweases, towels, table linen, tablecloth, bar mops and antforms.

IR LY

As used herein, the term “fres,” “neo,”™ “substantially no™ or “substantially free” refiors
to a composition, mixture, or ingrediont that does not contain a particular compound or o
which a particular compound or a particular compound-containing compound has not been
added. In some cmbodunents, the reduction and/or elimination of hydrogen peroxide
according to embodiments provide hydrogen peroxide-free or substantially-free
compositions. Should the particular componnd be present through contamination and/or use
in a mummal amoaat of a composition, mixture, or ingredients, the amount of the compound
shall be less than about 3 wi-%. More preferably, the amount of the compound is less than 2
wi-%o, less than 1 wi-%e, and most preferably the amount of the compound 1s loss than 0.5 wt-
Y.

The metheds and compositions deseribed herem may comprise, consist essentially of,
or consist of the components and ingredients enmerated in exemplary embodiments as well
as other ingredients deseribed herein. As used herein, “consisting essentially of " means that
the methods and compositions may incluade addifional steps, components ot ingredients, but
only if the additional steps, components or ingredients do not materially alter the basic and
novel characteristics of the claimed methods and compositions.

Compositions

According to an emboediment, the compositions preferably include a source of
atkalinity, a peroxygen source, an ron or manganese peroxidation catalyst, and an amylase
enzvme, along with additional chelants, water conditioning agents, surfactants, corrosion
inhibitors and additional fanctional ingredients as desired. In a most preferred embodiment,
an additional enzyme 15 included in the compositions,

Further description of suitable formulations is shown in Tables 1 and 2:
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Table 1
Formulaiions Example Example Example Example
Range 1 Range 2 Range 3 Range 4
Pt %) {wi.%%) {wi. %) {wi %)
Alkalinity Source 10-80 20-60 40-60 430
Oxovgen source 1-40 5-30 10-20 12-18
Bleach acthivator 0.0001-10 (.001-3 3.01-0.5 0.02-0.03
Enzyme 0.001-15 0.01-10 (.2-2 0.1-1.5
Nonionie Surfactant{s) 0.01-30 0.5-20 1-10) 2-6
Chelant(s) 10-70 15-60) 2543 3540
Corrosion Inhibitor 0.0001-10 (LOO1-5 ¢.01-2 £4.2-0.4
Additional Functional -80 {-60 0-25 O-11
Ingredients
Table 2
Formuiations Example Example Example Example
Range 1 Range 2 Range 3 Range 4
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, (wt.%) | Ovb¥) | (wtYe) | (wt%e)
Alkalinity Source 1O-&( 20-60 40-60 H)-50
Phosphate 5-50 10-40 13-30 20-25
Amipocarboxylate 0.5-45 -35 S-25 113
Secondary 0.01-20 0.1-13 {.5-% 1-3
Aminocarboxylate
Corrosion Inhibitor 0.0001-10 0.001-5 4.01-1 0.1-0.4
Peroxveen Bleach i-40) 5-30 1-25 12-18
Bleach activator 0.0001-3 0.0001-1 0.001-0.4 0.01-0.04
Enzvme {.0001-10 0.001-8 G6.01-2 3.1-1.5
Nonionie Surlfactant(s) 0.01-50 .5-20 1-10 -6
Additional Functional 0-85 065 {-30 0-20
Ineredients

Abkalinity Sovree

According to an embodiment, the detergent compositions include one or more

alkalintty sources. Exemplary alkalinity sources mclade alkali metal carbonates andfor alkah

metal hydroxides. In a preferred embodiment, the compositions include dense ash or Hght

ash. In a further preferred embodiment, the source of alkahnity comprises sodinm carhonate.

Alkali metal carbonates used in the formulation of detergents are often referred to as

ash-based detergents and most ofien employ sodinm carbonate. Additional alkall metal

carbonates include, for example, sodium or potassium carbonate. In an aspect, the alkali

metal carbonates are further anderstood to include metasilicates, siticates, bicarbonates and

sesquicarbonates. As described horein, any “ash-based™ or “alkali metal carbonate™ shall also

be understond to include all alkali metal carbonates, metasilicates, silicates, bicarbonates

andéor sesquicarbonaies.
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Aldkali metal hyvdroxides used in the formulation of detergents are often veferved fo as
canstic detergents, Examples of suitable alkah metal hydroxides wnclode sodiom hydroxide,
potassium hydroxide, and Hthiom hydroxide. Exemplary alkali metal salts include sodinm
carbonate, potassiom carbonate, and mixtores thereof. The alkali metal hydroxides may be
added to the composition m any form known in the art, including as solid beads, dissolved in
an agueous selution, or a combination thereof, Alkali metal hydroxides are commercially
available as a solid in the form of prilted solids or beads having a mix of particle sives
ranging from about 12-100 U8, mesh, or as an agoeous selution, as for example, as a 45%
and a 30% by weight solution.

In some embediments, the compositions include between about 10 wi.% to about 80
wi.% of an alkalinity source, preferably between about 20 wt.% to gbout 60 wt.%, more
preferably between shout 40 wi% to about 60 wi.%, and still move preferably between abowt
40 wt.% to about 50 wt.% of the alkalinity source.

Activated Oxygen Bleach

According to an embodiment, the detergent compositions include one or more
activated oxygen bleaches, As used herem, the term “activated oxygen bleach™ relersio a
composition comprising at least one oxygen source {also referred to as simply “hleach™)
andfor at least one bleach activator. In an embodiment, the activated oxvgen bleach
comprises an oxygen source and a bleach activator,

Oxveen Sources/Bleaches

Suitable bleaches for use m the corapositions and methods include, without himittation,
oxygen-based blesches. Suitable oxygen-based bleaches are the peroxygen bleaches, such as
sodinn perborare (tefra-or monohvdrate), sodiom percarbonate, hydrogen peroxide, and
peracids, Preferably, the bleach does not include & non-oxygen based bleach, including for
example, halogen bleaches. In this respect, the compositions can be free of non-oxygen-hased
bleachey including, in particular halogen-bleaches.

Peracids suitable for ase can be a single species or mixiure. Suitable peracids can be
selected based on the destred end use and based upon compatihility with other components in the
compasitions and methods. Preferred peracids include those having a carbon chain fength of C2
to €12, Switable peracids can mchide those descorvbed in LLS. Patent No. 8,846,107, entitled, “In
Situ Generation of Perogyearboxylic Acids at Alkaline pH, and Methods of Use Thereof)” which
is expressly incorporated herein i its eutirety by refevence, including without lnitation all
drawings and chomical structures contained therein, Suttable peracids can include atky? exter

peroxyearboxylic acids, ester peroxycarboxvhe soids, sulfoperoxyoarboxylic acids, and others.
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Suitable alky! ester peroxyearboxylic acids and ester peroxyearboxylic acids can include those
deseribed 1o ULS. Patent Nos, 7,816.3335 entitled “Peroxycarboxylic Actd Compositions with
Reduced Odor,™ hereby exprissly ingorporated herein tn ity entivety by reference, including
without Himitation all drawings and chewical structures contained therein. Seitable
sulfoperoxycarboxylic acids can include those deseribed i ULS. Patent No. 8809392, entitled,
"‘Su§z‘hp@mxycarbc»xz,:‘!ic Acids, Their Proparation and Methods of Use as Bleaching and
Antimicrobial Agents,” which ix expressly incorporated herein in its entivety by reference,
including without Hmitation all drawings and chemical structures contained therein.

Poroxygen bleaches suitable for use i the compositions include, without himitation,
sodium perborate monohydrate, sodivim perborate tetralvdrate, sodinm pyrophosphate
peroxvhydrate, wrea peroxyhydrate, sodiam percarbonate, sodium peroxide and mixtures
therenf. Preferred peroxyvgen bleaching compounds are selected from the group consisting of
perborate salts and percarbonate salts, including sodium perborate monohydrate, sodium
percarbonate, sodhan perborate tetrabydrate and mixtores thereof. by a preferred
embodiment, the oxyvgen sowrce compnses sodium percarbonale.

In some embodiments, the compositions include between about 1 wit% to about 40
wi. % of an oxygen source, preferably between about § wi % to about 30 wit.%, mwore
preferably between about 10 wil%% to about 20 wi %, and still move preferably between abowt
12 wi.% to about 18 wi% of an oxygen source.

Bleach Activaror

According to an embodiment, the detergent compositions include one or more bleach
activators. Suitable bleach activators inclade, without Himitation, peroxygen catalysts, bleach
activators such as tetraacety! ethylenediamine (TAED), sodium nonanovioxvhenzene
sulphonate (SNOBS), glocose pentaacetate (GPA ), tetraacetylmethylene dismine (TAMD),
triaceiyl cyanurate, sodium sulphony! ethyl carbonic acid ester, sodium acetyloxybenzene and
the mono long-chain acyl tetraacetyl glucoses as disclosed in WO 1991710719, other
activators such as choline sulphophenyl carbonate (CSPCY, as disclosed 1o ULS. Pat. No.
4,751,015 and U8, Pat. No. 4818420 can alse be used. Suitable peroxygen bleach
precursors incloade, without limitation, sodium pbenrovioxy-benzenc salfonate, N.NNN-
tetraacety! ethvlenediamine (TEAD), sodinm nonanoyloxybenzene sulfonate (SNOBS) and
choline sutfophenyl carbonate (CSPC).

In an embodiment, the compositions include a peroxidation catalyst that is an M or
Fe catalvst, Mn and Fe peroxidation catalysts where the metal in the form of a complex

benelicially tnereases the activity and stabihity of the complex. In particalar in the case of Mn
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complexes, vartous Hgands can help to increase the solubility of the metal. Accordingly, in a
preferred erobodiment the composttions include an Ma or Fe catalyst with Hgands according
to Formulda (Ik

HLaMohXefYe (D)
wherein each L independently is an organic Hgand containing at least three nifrogen atoms
andéor at least two carboxyl groups that coordinate with the metal My “M™ is preferably a
transition metal, most preferably Ma or Pe; each "X independently is & coordinating or

bridging group that is ong of Fh(), OH, SHY. HOz, OF, O, 87, F, C1, Br, T, NOy, NOy,

SO, SO, PO, Ny, ON5 NRS NCST, RON, RS, RCOY, RO, or o O with
R being hydrogen or a U 1o Cs alkyl group; “p™ is an integer from 1 to 4 g™ 1s an integer
from 1 to 2; 7" is an integer from O to & °Y™ is a counter fon; and “s™ i the number of
counter ons.

In a further preferred embodiment, the peroxidation catalyst is a dinuclear complex

according to Formula (1)
X
LMo XML, | Y

X (an

swherein Ly and L can either be separate higands or where Ly and Lz can comabineto be a
single molecule. Any suitable budging group may be used in the dinuclear complex of
Formula (1), although the coordinating or bridging groups, the groups O, Oz, CHaO-,

CHLCO™,

o o . or Cl- are particularly preferred.

In an embodiment, the ligands may be triazacyclononane, iriazacyelononane
dertvatives, Schitt-base contaiming Heands, polypyridineamine Hgands, pentadentate
nitrogen-donor ligands, bispidon-type ligands, or macrocyclic tetraamidate ligands. Examples
for those classes of Higands are described by Ronald Hage & Achim Lienke, Applications of
Transiiion-Metal Catalysis fo Textife and Wood-Pulp Bleaching, ANGEW, CHEM, INT. ED.,

45(2) 206-222 (2006}, which is herein incorporated by reference in its entivety.
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In another embodiment, the Heands include dicarboxylates, for example oxalate, Ina

still further embodiment, the higands may be compounds according to foomulae (1D {o (V)

(¥4
A
i
A
s N
-,
oo
jues
et
o

R" R R R’ (Iv),
wherein each R independently is hydrogen or a Cy o Cg alky! group. Other suitable higands

are the compounds according to formulae (V) to (XVIIDH
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The higands (VY to (X} are particularly suited 1 the metal M is Ma. The Bgands (XD to
{ XV} are particalarly well-suited iihe metal M s Feo Ligand (X1} is equally suited for Ma
and Fe.

The counter on Y 15 selecled depending on the charge of the complex J{LpMyha X
The wumher of counter ons s 1s egual to the number of counter lons required fo achieve
charge noutrality. Preferably the number of counter ions s 15 1 to 3. The type of counterion Y
for charge neutrality is not eritical for the activity of the complex and can be selected from,

for example, the group consisting of CT, Br, T, NOy, ClOy, NCS', BPhy, BFy, PR, RE80y

 RER0y, and R&-CO7, wherein R is hydrogen or a Cy to Cs alkyl group. Particularly
preferred counter ions are PFy and ClO4

In an embodiment, the peroxidation catalyst is a complex according to formula (11},
wherein M is manganese, X is selected from the group consisting of 0%, O, CHiO-,

CHCOY,

O O orCl-, and the Hgand L is a compound according to formulae (113 andior
{1V In a preferred embodiment, M is manganese and L s oxalate.
Further suitable peroxidation catalysts inclnde but are not limited o compounds
according to formulae (XIX) and (XX), also referred to as MaTACN and MnI¥YINE,

respeetively.

= . (XIX)

“““““““““““““ anan““”“““ ’ (Cl),

. - {(NX}
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Where the peroxidation catalyst is 8 compound containing M, the detergent may comprise
from about 0.0005% to about 0.12 %% by weight of the metal M in the form of a peroxidation
catalvst complex, preferably from about 0.001% to about (103 % by weight. Overall, the
bleach getivator may comprise from gbont 0.0001 wt.% to about 10 wi® of the detergent
composttions, preferably between about 0.001 wi % to about § wi.%, more preferably
between .01 wi% 1o about 0.5 wit.%, and most preferably between 0.02 wt.% to about (.03
wi.%% of the detergent compositions,

Enzyme

In some embodiments the compositions may include one or more enzymes o provide
synergistically improved removal of starch-based and other soils. Although not limiting to the
prosent inveation, enzymes suitable for the detergent composition can act by degrading or
altering one or more types of soil residuss encountered on crockery thus removing the soil oy
making the soil more removable by a surfactant or other component of the cleaning
composition. In a preferred ebodiment the enzyme 18 an amylase enzyme.

Excmplary amylase enzymes can be derived from a plant, an animal, or a
mcroorgamisi, The amylase may be derved from a microorganism, such as yeast, mold, or
bacterium. Exemplary amyviases include those derived from a Bacillus, such as B,
Hehentformis, B. arovloliquelaciens, B. subtilis, or B. stearothermophilus, The amylase can
be purified or a component of a microbial extract, and either wild type or variant {either
chemical or recombinant).

Exemplary amylase enzymes include those sold under the trade vame Rapidase by
Gist-Brocades® (Netherlands): these sold under the trade names Termamyl®, Achieve
Chotce®, Pungamyl® or Duramy i by Novozymes: those sold under the trade names
Porastar STL or Purastar OXAM by Genencor; those sold under the trade names
Thermozyme® L340 or Deterzyme® PAG S10/220 by Deerland Corporation: and the fike. &
nuxture of amylases can alzo be used. In a preferred embodiment, the amylase is Termamyl
120T% or Achieve Choiee 150T®

The compositions may include enzymes m addition to one or more amylases.
Additional suitable enzymes may nclude a protease, g lipase, o gloconase, a cellulase, a
peroxidase, a catalase, or a mixture thereof of any suitable origin, such as vegetable, animal,
bacterial, fungal or yeast origin,

Examples of proteelvtic enzymes which can be employed in the detergent
composition of the tnvention include (with trade names) Savinase®, a protease derived from

Bacillus lentas type, such as Maxacal®, Opticlean®, Durazym®, and Properase®; 4 protease
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derived from Bacillus licheniformis, such as Alcalase®, Maxatase®, Deterzavime®, or
Deterzyme PAG S10/220; a protease derived from Bacillus amyloliquetaciens, such as
Primase®; and a protease derived from Bacillus alealophilus, such as Deterzyime APY.
Exemplary commercially available protease enzymes include those sold under the trade
names Alcalase®, Savinase®, Primase®, Duranym®, BlazeR: (e.g., Blaze® Exceed, Blaze®
Evity®}), or BEsperase® by Novo Industries A/S (Denmark); those sold under the trade names
Maxatase®, Maxacal®, or Maxapem® by Gist-Brocades {Netherlands); those sold under the
trade names Porafect®, Purafect OX, and Properase by Genencor International; those sold
under the trade names Opticlean® or Optimase® by Solvay Enzymes; those sold ander the
tradenames Deterzyme®, Detorzyme APY, and Deterzyme PAG 5104220 by Deerland
Corporation, and the like,

Exemplary cellulase enzymes can be derived from a plant, an animal, o a
microorganism, such as a fungus or a bacterium. Cellulases derived from a fungus include the
fungus Humieola insolens, Huamicola stram DSMIROQ, or a celhdase 212-producing fungus
belonging to the genus Acromonas and those extracted from the hepatopancreas of a farine
moltusk, Dolabella Awrrcula Solander, The cellulase can be purilied or & component of an
extract, and either wild type or variant (either chemical or recombinant). Examples of
celulase cazymes include those sold under the trade names Carczyme® or Celluzyme® by
Novo; under the tradename Cellulase by Genencor; under the tradename Deerland Cellulase
4000 or Deerland Cellulase TR by Deerland Corporation; and the hike, A mixtare of
celhulases can also be used.

Exemplary hipase enzyvmes can be derived from g plant, sn animal, ora
microorgansm, such as a fungus or a bacterinm, Exemplary lipases inclode those dertved
from a Pseudomonas, such as Pseudomonas statzert ATCC 19,154, or from a Humicola, such
as Homicola lanuginosg (typically produced recombinanily in Aspergitlos oryzae). The ipase
can be purified or a component of an extract, and either wild tvpe or variant (etther chemical
or recombinant), Exemplary lipase enzymes include those sold under the trade names Lipase
P "Amane” or "Amanoe-P" by Amano Pharmaceutical Co. Lid,, Nagoya, Japan or under the
trade pame Lipolase® by Novo, and the ke, Other commercially available lipases include
Amano-UES, hipases derived from Chromobacter viscosum, e.g. Chromobacter viscosum var,
Hpolvticum NRRLB 3673 from Tovo Jozo Co., Tagata, Japan: Chromeobacter viscosum
lipases from U8, Blochemical Corp., UL8.AL and Disoynth Co., and lipases denved from
Pseudomonas gladioli or from Humicola lanuginosa. A preferred lipase is sold under the

trade name Lipolase® by Novo, A mixtare of lipases can also be used.
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Additional suitable enzymes include a cutinase, a peroxidase, a gluconase, and the
tike. Exemplary cutinase enzymes are deseribed in WO 88/09367A, which is herein
incorporated by reference i its entivety. Exemplary peroxidases include horseradish
peroxidase, Hgninase, and haloperoxidases sach as chloro~ or bromo-peroxidase. Exemplary
peroxidases are also disclosed i WO 89/09813A, which is herein incorporated by reference
in its entirety. These additional enzymes can be derived from a plant, an animal, ora
microorganism. The envyme can be purified or a component of an extract, and either wild
tvpe or variant (either chemical or recombmant), Mixtures of ditferent additional enzymes
can be used,

Regardiess of the type of envyme(s) utihized, the form of the enzyme may vary based
on availability or form of the composition. For example, the enzyme(s) may be provided as a
Hauid, solid, granule, sucapsulated liguid, encapsulated solid, andfor as part of an enzyme-
catalyst complex or package. For example, a granulated protease enzyme may be provided
together with granulated a manganese-based catalyst to enhance performance and ease of use,

Enzyvmes, particularly an amylase enzyme may be prosent in the detergent
compostiions in an amount of between abont §.0001 wt.% to sboot 10 wiB, preferably
between about 0.001 wi% to about 3 wi.%, more preferably between about 0.01 wt.% to
about 2 wi %, most preforably between about G.1 wi% o about 1.5 wi%% of the detergent
composition,

Chedants, Sequestrants, Waiter Conditioning Agents

The composition can include one or move water conditioning ggents or building
agents, also called chelating or sequestering agents {2.g., builders), including, but not Haited

o condensed phosphates, alkall metal carbonates, phosphonates, amnocarboxyhe acids,

polyvearboxyhic acids, polyvearboxylic acid polymers, sndfor pelyvacrylates. In general, a
chelating agent is a molecule capable of coordinating (Le., binding) the metal ions commonty
found i natural water to prevent the metal ions from interfering with the action of the other
defersive ingredients of a cleaning composition, Stmdarty, builders and water conditioning
agents also aid in removing metal compounds. Exemplary water conditioning agents melude
anti-redeposition agents, chelating ageuts, sequestering agents and inhibitors,

Examples of condensed phosphates melade but are not linited o sodiam and
potassium orthophosphate, sodinm and potassium pyrophosphate, sedium tripolyphosphate,
and sodium hexametaphosphate. A condensed phosphate may also assist, to a limited extent,
m solidification of the composttion by fixing the free water present in the composition as

water of hydemtion.
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Examples of phosphonates include, but are not Himited to: 2-phosphinobutane-1,2 4~
tnicarboxylic acid (PBTC), hydroxyethane-l, 1-diphosphonic acid, CH2O(OM{POOH R
aminotri{methylenephosphonic acid), NfCH: PO{OH): [x; aminotri{methylenephosphonate),
sodium salt (ATMP), NICH; PO{ONa) 3 2-hydroxyethyliminobis(methylenephosphonic
acid), HOCHCHe N{CHPOUOH » ]z diethylenetriaminepenta(imethvlenephosphonie acid),
{HORPOCH N{CH: N{CH PO(OH 2Ll dicthyleneiriaminepenta{methylenephasphonate)
sodiam salt (DTPMPY, G Hipeeo Ny NaaQys Ps (=7
hexamethylenediamine(tetramethvlenephosphonate), potassium salt, CroH a0 NaoKy O P
{x=0) bisthexarpethyleneYriamine{pentamethvlenephosphonic acid), (HOHPOCH:

NECH: 1 2N{CH POOH )b b and phosphorus scid, HiPOg, Preferred phosphonates are

PRTC, HEDP, ATMP and DTPMP. A neutralized or alkali phosphonate, or a combination of
the phosphonate with an atkali source prior to being added into the mixture such that there Is

litle, or no heat or gas generated by a neutralization reaction when the phosphonate is added
s preferred. In one embodiment, however, the composition s phosphorous-free,

Usclul aminocarboxylic acid materials containing little or no NTA include, but are
not hmted tor N-hydroxyethvlaminodiaeetic acid, ethylenediaminetetragcetio aoid (BITA),
hydroxvethyvlenediaminetetraacetic acid, divthylenetriaminepentaacetic acid,
N‘whydmxy@i’hy%e‘ihyienedimnimctriacet‘i > actd {HEDTA), dicthylenetrianuuepentaacetic acid
{DYTPA), methylglveinediacetic acid (MGDA), glotamic acid-N N-diacetie acid (GLDA),
cthylenediaminesuccinic acid (EDDS), 2-hydroxyethyliminodiacetic acid (HEIDAY,
iminodisuccinic acid DS, 3-hydroxy-2-2-iminodisaceime acid (HIDS) and other similar
acids or salts thercof having an anuno group with a carboxylic acid substituent. In one
embodiment, however, the composition is free of aminocarboxylates.

Suitable organic water conditioning agents can include both polymeric and small
molecule water conditioning agents. Organic small molecule water conditioning agents are
tvpically organccarboxylate compoursds or organophosphate water conditioning agents.
Polvmeric inhibiiors commonly comprise polyanionic compositions such as pobvacrylic acid
compounds. More recently the use of sodiwm carboxymethyvl cellulose as an antiredeposition
agent was discovered, This is discussed more extensively in ULS. Patent No. 8,729,000 to
Miralles et al, which is incorporated herein in its entivety.

Small molecule organic water conditioning agents inclade, but are not limited 1o
sodium gloconate, sodinm glucoheptonate, N-hydroxyethylenediaminetriacetic acid
{HEDTA), ethylencdiaminetetraacetic acid {EDTA), nitrilotriacetic acid {(NTA),
dicthylenetrisminepentaacetio seid {(I¥YTPA), ethylenediaminetetraproprionic acid,

22
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tricthyienctetraaminebexaacetic acid {TTHA), and the respective alkali metal, ammonium
and substituted ammonnan salis thercof, ethylenediaminetetraacetic sad {etrasodiom sali
(EDTA), nitrilotriacetic acid trisodium salt (NTA), cthanoldiglycine disodium salt (EDG),

diethanolglycine sodium-salt {DEG), and | 3-propylenediaminetetraacetic acid (PDTA),

dicarboxymethy! glotamic acid tetrasodiom salt (GLDA), methylglyeine-NoN-diacetic acid
trisodium salt (MGDA), and iminodisnccinate sodium salt (IDS). All of these are known and
commercially available,

Suitable inorganic water conditioning agents inchude, but are not limited to, sadium
tripolyphosphate and other higher linear and eyclic polyphosphates species. Sultable
condensed phosphates include alkali metal phosphates such as sodinm and powassium
erthephosphate, sedium and potassium pyrophosphate, sodinm trpolyphoesphate, and sodium
i'wxamt:mpimspﬁhate, A condensed phuspham may also assi"gt, to a limited extent, in
composition as water of i:tyd’mﬁm}_‘

In an embodiment, the composition can be substantially free of phosphorous,
phosphates andfor phosphonates.

I addition to aminecarboxylates, which contain Hitle or no NTA, water conditioning
polymers can be used as non-phosphorous containing builders. Polyearboxvlic acid polymer
chelants are non-phosphorus containing chelants. Polycarboxylates inclnde those chelant
pobymers having pendand carboxylate (--CO2-) groups such as polyacrylic acid
homopolymers, polymaleic acid homopolymers, maleic/olefin copolymers, sulfonated
copolymers or terpolymers, acrylic'maleic copolymers or terpolymers polymethacrylic acid
homopolviners, polymethacrylic acid copolymers or terpolymers, acrvhic acid-methacevhic
acid copolymers, hvdrolyred polyacrylanides, hydrolyzed polymethacrylamides, hvdrolyzed
pobyamide-methacrylamide copolymers, hydrolyzed polyacryloniiriles, hydrelyzed
polymethaervionitriles, hydrolyzed acrylonitrile-methacrylonitrile copolymers and
combinations thereofl For a further discussion of chelating agents/sequestrants, see Ktk
Othmner, Encyelopedia of Chemical Technology, Third Edition, volume §, pages 338-366 and
volume 23, pages 319-320, the disclosure of which s incorporated by reference herein. These
materiats may also be used at sab-stoichiometrie levels to function as crvstal modifiers,

Polycarboxylic acid polymer chelants can include polyvacrylic acid homepolvmers and
polymaleie acid homopolymers, and polymers modified by a fatty acid end group. Exemplary
patvacrylic acid homopolymers include those with & molecular weight between about 500-
100,000 g/mol, or between about 1,000-50,000 g/mol, or between about 1,000-25,000 g/mol.

\
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Exemplary suitable commercially available polyacrylic acid polymers include Acusol 443N
{a fnlly newtralized homopolymer of acrylic acid), Acusol 448 and Acusol 944 available from
Deow Chemteal. Exemplary suitable commercially available polvasalete acid chelantsiwater
conditioners inclade, for example, Belelene 200, commercially available from BWAL

In additional embodiments, mixtures of acrylic actd homopolymers andfor polymers
melnding acrylate monomers can be employed.

In an embodiment, the one or more chelants/sequestrants/water conditioning agents
comprise a phosphate and one or more amincearboxyvlates, In a still further embodiment, the
phosphate is sodium tripolyphosphate and the one or more aminocarboxylate are MGDA and
GLDAL

In some embodiments, the detergent compositions inchude one or more chelants,
present i an amount of between about 14wt % to abont 70 wt%, preferably between about
15 wt %% to about 60 wt.%, more preferably between about 25 wit % to about 45 wit.%%, most
praferably between about 35 wi% to about 40 wi % of the composiion. In an embodiment,
the onge or more chelants/sequestrants/water conditioning agents includes a phosphate, an
aminocarboxylate, and a phosphonate. In an embodiment comprising a phosphate and one or
more amigocarboxylates, wherein the composition includes between about 5 wt.% to about
30 wt.% of a phosphate, preferably between about 1 wt.% to aboot 40 wt.%, more
preferably between gbout 15 wil% to about 38 wit.%., most preferably batween abont 20 wit%
to about 25 wi.%; between abort 0.5 wit %% to gbout 45 wi.%% of an amminocarboxylate,
preferably between about 1 wi.% fo about 33 wi %, more preferably between abont 5 wi% to
about 25 wi.%, most preferably between about 10 wit.% to abont 15 wi%; and between about
0.01 wi.% to about 20 wit% of a secondary aminocarboxylate, preferably between 0.1 wi %
to about 15 w.%, more preferably between about 0.5 wt.% to about 8 wi %, most preforably
between aboni T wt.% to about 3 wt.% of the detergent composition.

Surfoctants

T some erabodinments, the detergent compeostitons described herein include one or
more surfactants. Surfactants suitable for use mclude, but are not hnited to, ponionic
surfactants, anionic surfactants, cationie surfactants, amphoterie surfactants andior
awitterionic surfactants, In a preferred embodiment, the compositions include one or more
nonionic surfactants. In a further preferred embodiment, the one or more nontonic surfactants
include a nonionic polyvoxyethylene-polyvoxypropylene (EOQ/PO) block copolymer. In a still

O

further preferred embodiment, the BEOPO block copolymer s a poloxamer (BOPOT
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In some embodiments, the detergent compositions Include between about 0.01 wi S
to about 50 wt.% of one or more surfactants, clading, for example, about 0.01 w9, §
W%, 10 w9, 20 wi.%, 30 wi.%0, 40 wi.%, and 30 wit.% of ong or more nonionic, anionic,
cationie, amphoteric, andfor 2witterionic surfactants. In an embodiment, the detergent
composttions inchide ene or more nonionic surfactants present in amownts of between about
001 wt.% to about 50 wi.b%, preferably between about .5 wit.% to about 20 w.%, more
preferably between 1 wit.% to about 10 wt.%., most preferably between about 2 wi%% fo about
6wt .

Nowionic Surfactans

Suitable nontonde surfactants suitable for use include, for example, alkoxylated
surfactants. Sutfable alkoxylated surfactants include EOPO copolymers, capped EQPO
copolymers, alcobol alkoxylates, capped alcohol alkoxylates, mixtures thereof, or the like.
Suitable alkoxylated surfactants for use as solvents include EQPO block copolymers, such as
the Pluronie® and reverse Plaronic® surfactants: aleohol alkoxylates; capped aleohod
alkoxylatex; mixtures thereof, or the like.

Useful nonionic surfactants are generally characterized by the presence of an organic
hydrophobic group and an organic hydrophilic group and are typically produced by the
condensation of an organic aliphatic, alkyl aromatic or polyexyaltkylene hydrophebic
compound with a hydrophilic alkaline oxide moiety which in common practice is ethylene
oxide or a polvhvdration product thereof, polvethylene ghveol Practically any hydrophobic
compound having a hydroxyl, carboxyl, amino, or amide greup with a reactive hydrogen
atom can be condensed with sthylene oxide, or its polyhydration adducts, or s mixtures with
atkoxylenes such as propylens oxide to form a nonionic surface-active agent. The length of
the hydrophilic polyoxyalkylene molely which s condensed with any particular hydrophobie
compound can be readily adjusted to yvield a water dispersible or water-soluble compound
having the desired degree of balance bebween hvdrophilic and hydrophobic properties.

Block polvoxypropvlene-polyoxyethviene polymeric compounds based upon

propylene glyeol, ethyvlene glveol, glyeerol, trimethylolpropane, and ethylenediamine as the

inttiator reactive hvdrogen compound are suttable nontonic surfactants.
Somwe examples of polvoxyethylene-polyoxypropylene block copelymers include

those having the following fornmudac:

i~
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wherein EO represents an sthylene oxide group, PO represents a propyleng oxide group, and
x and v reflect the average molecular proportion of each alkylene oxide monomer 1 the
overall block copolymer composition. In some embodiments, x is in the range of abowt 10 to
about 130, y is in the range of about 15 1o about 70, and & plus ¥ 15 in the range of about 25 to
about 200, It shonkd be understoad that each x and v in a moleenle can be different. In some
embodiments, the total polyoxyethylene component of the block copolymer can be n the
range of al feast about 20 mel-% of the block copolymer and 1 some embodiments, i the
range of at feast about 30 mol-% of the block copolymer. In some embodiments, the material
can have 8 molecular weight greater than abont 400, and 1 some embodiments, greater than
about 300, For exanmiple, in some embodiments, the material can have a molecnlar weight in
the range of about 300 1o about 7000 or wore, or in the range of about Y50 1o about 4000 or
more, or #1 the range of about 1008 to about 3100 or more, or in the rapge of sbout 2100 to

about 6700 or more:
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Although the exemplary polyoxyethylene-polyoxypropylene block copolyimer
structures provided above have 3-8 blocks, it should be appreciated that the nontonie block
copolynmer surfactants can include more or less than 3 or 8 blocks. In addition, the nonionic
block copolymer surfaciants can inclode additional repeating units such as butylene oxide
repeating vaits. Furthermore, suitable nontonic block copolvmer surfactants can be
characterized as heteric polvoxyethylene-polyosypropylene block copolymers. Examples of
polyvmenc compounds made from a sequential propoxylation and ethoxylation of iitiator are
commercially available under the trade names Ploronic™ and Tetronic® mannfactured by
BASF Corp, in particular Pluronic®™ N-3, Plaronic® 25-R2, and others.

For example, snitable nonionic surfactants may include without limitation poloxamers
{EO/POYEQ) available under the trade names Adeka 25RIR, Adeks 25R2®, Adeka LOIR,
Adeka FIO8®, Antarox 17R4®, Antarox 25R2W, Antarox B23®, and Antravox FIORE:

Pluronic™ compounds are difunctional {two reactive hydrogens) compounds formed
by condensing ethylene oxide with a hydrophobic base formed by the addition of propylene
oxide to the twi hydroxyl groups of propyiene glyveol, This hydrophobic portion of the
molecule weighs from about 1,000 {0 about 4,000, Eihylene oxide is then added o sandwich
this bydrophobe between hivdrophilic groups, controlied by length to constitute from abow
10% by weight to about 0% by weight of the final molecule.

Tetronic™ compounds are tetra-functional block copolymers derived from the
seguential addition of propylene oxide and ethylene oxide 10 ethylenediamine. The molecular
weight of the propylene oxide hydrotype ranges from about 300 to about 7,000; and, the
hydrophile, ethylene oxide, 15 added to counstitute from about 10% by weight to about 80% by
weight of the molecule

Sewi-Polar Nopdondc Surfactanss

The semi-polar type of nonionic surface-active agents are another class of nomone
surfactant which may be usefu] in the detergent compositions deseribed berein. Semi-polar
nonionic suriactants inchude the amine oxades, phosphine oxides, sulfoxides and thew
atkoxylated derivatives.

Amine oxides are tertiary amine oxides corresponding to the general formnda:

RZ

R {OR ") N e 0

R®

o
-2
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wherein the arrow is a conventional representation of a semi~-polar bond; and, R, R, and R’
may be aliphatic, aromatic, heterocyelie, alicvclic, or combinations thereofl Generally, for
amine oxides of detergent interest, R' is an alky! radical of from about § to about 24 carbon
atoms; R¥and R are alky! or hydroxyatkyl of 1-3 carbon stoms or a mixtare thereof) R and
R¥ can be attached to cach other, e.g. through an oxygen or pitrogen atom, to form a ring
structure; RY is an alkyvlene or a hydroxyalkylene proup containing 2 to 3 carbon atoms; and »
ranges from O to abowt 20. An amine oxide can be generated from the corresponding amine
and an oxidizing agent, such as hydrogen peroxide.

Useful semi-polar nontonic surfactants also include the water-sohuble phosphine

oxides having the following structure:

R
' e
R\‘ g;; e 1§

wherein the arrow is a conventional representation of a semi-polar bond; and, R} is an atkyd,
alkeny! or hydroxyalkyl moiety ranging from 10 o sbout 24 carbon atoms in chain length;
and, R and R are cach alkyl moleties separately selected from alkyl or hydvoxyalky! groups
containing 1 to 3 carbon atoms,

Examples of uselul phosphine oxides include duncthyldecylphosphine oxide.
dimethy ltetradecylphosphine oxide, methylethyvltetradecylphosphone oxade,
dimethylhexadecylphosphine oxade, dicthyl-2-hydrexyoctyldecylphosphine oxide, bis{2-
tydroxyethyl) dodecylphosphine oxide, and bisthydroxyethyltetradecylphosphine oxide.
Useful water soluble amine oxide surfactants are selected from the octyl, deeyl, dodecyl,
tsododecyl, coconut, or fallow alkyl di-(lower alkyl) amine oxides, specific examples of
which are cctyldimethylamine oxide, nonyldimethvlamine oxide, decyldimethylamine oxide,
undecyidimethylamine oxide, dodecyldimethyiamine oxide, so-dodecyldimethyl amine
oxide, tridecyldimethylamine oxide, tetradecyidimethylamine oxide,
pentadecyidimethyvlamine oxide, hexadecyldimethylamine oxide, heptadecyldimethylamne
oxide, octadecyldimethylaine oxide, dodecyldipropylamine oxide, tetradecyldipropylamine
oxide, hexadecyldipropylamine oxide, tetradecyidibutyvlaming oxide, octadecyidibutylamine
oxide, bis(2-hydroxyethyhidodecoylamine oxide, bis(2-hydroxyethy}-3-dodecoxy-1-

hydrosypropylamine oxide, dimethyl-(2-hydroxydedecyDamine oxide, 3.6.9-

o
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trioctadecyldimethylamine oxide and 3-dodecoxy-2-hydroxypropyldi-(2-hydroxyethyDamine
oxide.
Semi-polar nontonic surfactants useful herein also include the water-seluble sulfoxide

compounds which have the strocture:

wherein the arrow is a conventional representation of a semi-polar bond: and, R is an alkyl
or hydroxvalkyl moiety of about 8 to about 28 carbon stoms, from O to about 3 ether hinkages
and from ¢ {o about 2 hydroxy! substituents; and R is an alkyl motety consisting of alkyl and
hvdroxyalkyl groups having 1 © 3 carbon atoms. Useful examples of these sulfoxides include
dodecyl methy! sulfoxide; 3-hydroxy tridecyl methyl sultoxide; 3-methoxy tridecyl methyl
sulfoxide; and 3-hydroxy-4-dodecoxybutyl methyl sulfoxide,

Suitable senv-polar nontonic surfactants include, without lmitation, ditnethyl amine
oxides, such as lauryl dimethyl amine oxide, myristy! dimethyl amine oxide, cetyl dimethyl
amine oxide, combinations thercol, and the like. Alkoxyvlaled amines or, most paticularly,
alcohol alkoxylated/aminatedfalkoxylated suwrfactants are also suitable. These von-ionde
surfactants may be at least in part represented by the general formulae; RI-(POWN-(EQ) H.
R¥af PO N=-(ROY K EORH, and RT-N(EOY L in which R™ is an alkyl, alkenyl or other
aliphatic group, or an atkyl-aryl group of from 8 to 20, prefbrabl}f 12 to 14 carbon atoms, EQ
18 oxyethylene, PO s oxypropylene, s is 1 to 20, preferably 2-5, t1s 1-10, preferably 225, and
wis 1~ preferably 2-5. Other variations on the scope of these compounds may be
represented by the aliemative formula: R¥-(POW--N[(EQ) H[{EO) H] in which R* is as
defined above, vis 1o 20 {e.g., 1, 2. 3, or 4 {preferably 23), and w and z are independently 1-
H), preferably 2-5. These compounds are represented commiercially by a Hoe of producis sold
by Huntsinan Chemicaly as nonionic surfactants,

shdende Surfactants

Amonic salfate surfactants suitable for use in the present compositions include alkyl
ether sulfates, alkyl sulfates, the Hosar and branched primary and secondary alloyl sulfates,
alkyl ethoxysulfates, fatty oleyl glycerol sulfates, alkyl phenol ethylene oxide ether sulfates,
the Cs -Cyy acyl-N-(Cy -Ca alkoyl) and -NS(C) -Ch hydroxyatkyl) phucamine sulfates, and

sulfates of atkylpolysaccharides such as the solfates of alkylpolyghlucoside, and the tike. Also

20
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mcluded are the alkyl salfates, alky] poly{ethylencoxy} ether sulfates and aromatic
poly{ethyleneoxy) sultaies such as the solfates or condensation products of ethylene oxide
and nonyl phenel (usually having 1 to & oxvethylene groups per molecule}l

Amonic salfonate surfactants suitable for use in the present compositions alse include

atkyl sulfonates, the Hinear and branched privaary and secondary alkyl sulfonates, and the

aromatic sulfonates with or without substituents.

Anionic carboxylate swiactants suitable for use in the present compositions include
carboxylic acids {and salts), such as alkanocic acids (and atkanoates), ester carboxylic acids
{e.g.

ethoxy carboxylates, alkyl aryl ethoxy carboxylates, alkyl polyethoxy polycarboxylate

Uf"

alkyl succinates), ether carboxylic acids, and the like. Such carboxylates inchude alkyl

surfactants and soaps (¢.g. alkyl carboxyls), Secondary carboxylates uselnd in the present
compositions include those which contain a carboxyl anii connected (o a secondary carbon.
The secondary carbon can be in a ring structure, e.g. as in p-octyl benzoic acid, or as in alkyl
substituted cyclobexyl carboxylates. The secondary carboxylate surfactants typically contain

o ether linkages, no ester hnkages and no hydroxy! groups. Further, they typleally fack
mitrogen atoms 1 the head-group {amphiphilic portion). Suitable secondary soap swifactants
tvpically contain 11-13 total carbon atoms, although more carbens atoms {e.g., up 1o 16} can
be present. Suiable carboxylates also mclode acylamunoe acids (and salis), such as
acylzluamates, acyl peptides, sarcosinates (e.g. N-acyl sarcosinates), taurates {e.g. N-aoyl
tanrates and Bty scid smides of methy!] guride), and the like.

Suitable antonie surfactants inchade alkyl or allovlaryl ethoxy carboxylates of the

following formula:

R~ Q - {CHCHO W CHa by - COX (3}

(',':;" f\\\
W “......i.. ‘...i}.....w
. C R - - ; ;‘\\\, - . . 31y e
in which R s a Gy to o alky! group or TR dnowhich RY iy a Ce-Cug alkyl group;

n s an integer of 1-20; m s an integer of 1-3; and X is a counter 1on, such as hydrogen,
sodium, pofasstum, lithivm, ammoniam, or an amine salf such as monoethanolamine,
dicthanolamine or tricthanclamine. In some embodiments, n s an integer of 4 o 10 and m s
I In some embodiments, R i3 a Cp-Cigoalkyl group. In some embodiments, R is a Un-Cr

atkvl group, nis 4, and m 1s 1.
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In other embodiments, R is T and RYds a Ce-Cr atkyl group, In still vet

other embodiments, R is a2 Co atkyl grovp. nis 10 and m is 1.

Such alky! and alkylaryt ethoxy carboxylates are commercially available. These
cthoxy carboxylates are typically available as the acid forms, which can be readily converted
to the amtonic or salt form. Commercially available carboxylates mehade, Neodox 23-4, a T
13 alkyl pelyethoxy (4) carboxylic acid (Shell Chemical), and Emcol CNP-110, a Co alkylaryd
polvethoxy (10) carboxylic acid {Witco Chemical). Carboxylates are also available from
Clariant, e.g. the product Sandopan®™ DTC, a Cis alkyl polyethoxy {7} carboxyvlic acid.

Amphoteric Surfactaniz

Amphoteric, or amphelytic, surfactants contain both a basie and an acidic hydrophilic
group and an organic hydrophobie group. These tonic entitios may be any of anionic or
cationie groups descertbed herein for other types of surfactants. A basic nitrogen and an acidic
carboxylate growp are the typical functional groups employed as the basic and acidic
hvdrophilic groups. In a few surfactants, sulfonate, sultate, phosphonate or phosphate provide
the negative charge.

Axophoteric sorfactants can be broadly desenibed as devivatives of aliphatic secondary
and tertiary amipes, in which the aliphatic radical may be straight chain or branched and
wherein one of the aliphatic substituents containg from about 8 to 18 carbon atoms and one
contains an anionic water solubilizing group, e.g., carboxy, sulfo, sulfate, phosphato, or
phosphinoe. Amphoteric surfactants are subdivided into two major classes known to those of
skill in the art and deseribed in “Swrfactant Encyclopedia™ Cosmetics & Toiletries, Vol 104

{23 69-71 (1989), which ts herein incorporated by reference in its entirety. The first class

derivatives) and their salts, The second class includes N-alkylamino scids and their salts.
Some amphoteric surfactants can be envisioned as {itting mto both classes,

Amphoteric surfactants can be synthesized by methods known to these of skill in the
art. For example, 2-alkyl hvdroxyethyl imidazeline is synthesized by condensation and ring
closure of a long chain carboxyhe acid {or a devivative) with dialky! ethylenediamine.
Commercial anyphoteric surfaciants are denvatized by subsequent hydrolysis and ring-
opening of the inidazoline ring by alkylation - for example with chloroacetic acid or ethyl
acetate. During alkylation, one er two carboxy-alkyl groups react to form a tertiary amine and

an cther linkage with diftering alkylating agents vielding different {ertiary amines.
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Suitable long chain imidazole derivatives may generally have the general formuls:
(MONOBACETATE {DOPROPIONATE
{HAE00 (3,000
RCONHCH,CH, N

RCONHCH,CH,! e HLCH,COOH

UHACHLOH CHLOH0H

Neutral pH 2witternion

AMPHOTERIC SULFONATE
OH

l

CH,UHCH,B0, NA®

RCONHCHLCHNT
~CHLCH,OH

whereint R is an acycelic hydrophobic gronp containing from about 8 to 18 carbon atoms and
M s @ cation to peutralize the charge of the andon, generally sodium. Conmmercially
prominent inddazoline-derived amphoterics that can be ermploved in the presend compositions
inchude for example: cocoamphopropionate, cocoamphocarbogy~-propionate,
cocoamphoglycinate, cocoamphocarboxy-glveinate, cocoamphoprepyl-sulfonate, and
cocoamphocarboxy-propionic acid. Amphocarboxyhie acids can be prodoced from fatty
imidarolines m which the dicarboxylic acid functionality of the amphodicarboxylic acid is
digcetic acid andfor dipropionic acid.

The carboxymethylated compounds {glvemates) deseribed herein above frequently are
called betaines. Betaines dre a special class of amphoterie discussed herein below in the
section entitled, Zwitterion Surfhctants.

Long chain N-alkylamino acids are readily prepared by reaction RNH;, in which
R=(Cg-Lliy straight or branched chain alkyl, fatty amines with halogenated carboxylic acids.
Alkylation of the primary amine groups of an amino acid leads to secondary and tertiary
amines. Alkyl substifuents may have additional amino groups that provide maore than one
reactive nifrogen center. Most commercial N-alkylamine acids are alkyl derivatives of beta-
alanine or beta~-N(2~carboxyethyl) alanne. Examples of commercial Nealkylamino acid

32
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ampholyies which are suttable include, without imitation, alkyl beta-amino dipropionates,
RN{C2HACOOM)2 and RNHCHCOOM. 1o an embodiment, R ¢an be an acyelic
hydrophohic group containing from about § to about IR carbon atoms, and M is a cation to
nentralize the charge of the anlon.

Suitable amphoteric surfactants include those derived from coconut products such as
coconut oif or coconut fatty acid. Additional suitable coconnt derived surfactants include as
part of their structure an ethylenediamine motety, an alkanolamide moiely, an amino acid

moiety, e.8., ghycine, or a combination thereof and an aliphatic substituent of from about 8 to

18 {e.g., 12} carbon atoms. Such a surfactant can also be considered an atkyl
amphodicarboxylic acid. These amphoteric surfactants can inclode chemical siruetures
represented as: Cr-allky-COINH-CH CHaN{CHCH2-CONa - CH2-CH2-OH or Cia-
alloy - OOENGD-CH-C H- N CH2-COsNa-CHa-CHz-OHL Disodinm cocoampho
dipropionate is one suitable amphoteric surfactant and is commercially availsble under the
tradename Miranol™ FBRS from Rhodia Inc., Cranbury, NI Another suttable cocomt
derived amphoteric surfactant with the chemival name disodium cocoamphe diacetate is sold
under the tradensme Mirataime™ JCHA| also from Rhodia Inc., Cranbury, NUJU A typical
listing of amphoteric classes, and species of these surfactants, is given in U8, Pat. No.
3,929,678 ssucd 1o Langhlin and Heuning on Dec, 30, 1975, Further examples are given
“Surface Active Agents and Detergents™ (Vol. I and I by Schwarty, Perry and Berch), which
1s herein incorporated by reference in its entirety,

Cationic Surfactants

Surface active substances are clgssified as cationic if the charge on the hydrotrope
portion of the molecole 15 positive. Surfactants wy whach the hydrotrope carvies no charge
unless the pl is lowered close to neutrality or lower, but whicl are then cationic (e.g. alkyl
amines), are also included wn this group, In theory, cationic surfactants may be synthesieed
from any combination of elements containing an “onjumy” structure RuX-+Y -~ and could
tnclude componnds other than nitrogen {ammontumy} such as phosphorus (phosphontam} and
subfur (sulfonium}. In practice, the cationic surfactant field is dominated by nitrogen
containing compounds, prebably because synthetic routes to pitregerous cationics are simple
and straightforward and give high yields of product, which can make them less expensive.

Cationic surfactants preferably include, more preferably refer to, compounds
containing st least one long carbon chain hydrophobic group and at least one positively
charged mitrogen. The long carbon chain group may be attached directly to the nitrogen atom

by simple substitation; or more preferably indirectly by a bridging fonctionsl group or groups
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i so-called interrupted alkylamines and amido amines. Such functional groups can make the
molecule more hvdrophilic and/or more water dispersible, more easily water solubilized by
co-surfactant mixtures, andfor water soluble. For increased water solubility, additional
primary, secondary or tertiary amine groups can be introduced, or the amino nitrogen can be
quaternized with low molecolar weight alkyl groups. Further, the nitrogen can be a part of
branched or straight chain moisty of varving degrees of unsaturation or of a saturated or
unsaturated heterocyelic ving, In addition, cationic surfactants may contain complex linkages
having more than one cationic nitrogen atom,

The surfactant compounds classified as amine oxides, amphotencs and zwitterions are
themuselves typically cationic in near neutral to acidic pH solutions and can overlap surfactant
classifications. Polyvoxyethyviated cationic surfactants generally behave hike nonionic
surfactants in alkaline sohution and like eationic surfactants in acidic sohition. The simplest
cationic amines, anyne salts and quaternary ammoniam compounds can be schematically

drawn thus:

R§

R

in which, R represents a tong alkyl chain, R, R”, and R™ may be either long alkyl chaing or
simaller alkoyl or arvl proups or hvdropen and X represents an anton. The majonity of large
volume commercial cationic surfactants can be subdivided nfo four major classes and
additional sub-groups known to those or skall in the art and deseribed in *Surfactant
Encyelopedia”, Cosmetios & Toiletries, Vol 104 {2) R6-96 {1989), which is herein
fncorporated by reference i its entivety. The first class includes alkylamines and their salts,
The second class includes alkyl imidarolines, The third class inchuades cthoxylated smines.
The fourth class includes quaternaries, such as alkyibenzyldimethylammonium salts, alkyl
benzene salts, heterocyelic anunonium salts, tetra alkylammonium salts, and the like.
Cationic surlactants are known to have a variety of properties that can be beneficial in the
present compositions. These destrable properties can melade detergency i compositions of
or helow neutral pH, antingcrobial efficacy, thickening or gelling iy cooperation with other
agents, and the like. Sutable cationic surfactants include, without mitation, those having the
formula RUmRrY L7 wherein cach R is an organic group containing a straight or branched

atloyt or atkenyl group optionatly substituted with up to three pheny! or hydroxy groups and
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optionally interrupted by up to fowr of the following structures

. . .
¥ 3 8 3 1y Iy
£ i3 8 13 i3

onnd \ o4 A :

Y b ¥ By

3 i N i

it i N

it N N

it N N

NN N i

¥ ¥ X
o o L e 5
3. L} k. N £ T

or an isomer oy mixture of these structures, and which contains from about 8 to 22 carbon
atoms. The R groups can additionally contain up to 12 ethoxy groups. #2 18 & number from 1
to 3. Preferably, no more than one RY group in a moelecule has 16 or more carbon atoms when
m is 2 or more than 12 carbon atoms when m is 3. Bach R? is an alkyl or hydroxyalky! group
containing from 1 to 4 carbon atoms or a benzy! group with no more than one R¥ ina
modecule being benzyl x 18 a number from @ o 1, preferably from 0 10 6. The remamder of
any carbon atons positions on the Y group are filled by hivdrogens. Y can be a group
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or a mixture thereol. Preferably, Lis 1 or 2, with the Y groups being separated by a molety
selected from RY and R? analogs (preferably atkylene or alkenylene) having from 1 to about
22 carbon atoms and two free carbon single bonds when L is 2, Z is a water-soluble anfon,
such as g halide, solfate, methylsulfate, hydroxide, or nitrate anion, particularly preferred
being chioride, bromide, fodide, sulfate or methy! sulfate anions, in a number to give
electrical neatrality of the cationic coamponent.

Zwitierionic Surfactants

Zwitterionic surfactants can be thought of as a subset of the amphoteric surfactants
and can include an anionic charge. Zwittenionic suriactants can be broadly described as
derivatives of secondary and tertiary amines, derivatives of heterocychic secondary and
tertiary smines, or dertvatives of quaternary ammonium, quaternary phosphonivm or tertiary
sulforium compounds. Typically, a switterionic surfactant includes a positive charged
QuAlernary anmoninm or, i seme cases, a sulfonium or phosphomium iong & negative

charged carboxyl group; and an atkyl group. Zwitterionics geoerally contain cationic and

aplonic groups which jonize to a nearly equal degree in the tsolectric region of the molecule
and which can develop sirong™ wnee-salt” atiraction between positive-negative charge
centers. Examples of such awitterionie syathetic surfactants include derivatives of aliphatic
guaternary ammoniom, phosphonium, and sulfonium compounds, i which the aliphatic
radicals can be straight chain or branched, and wherein one of the aliphatic substituents
contains from & to 18 carbon atoms and one contains an anjoric water solubilizing group,
e.g., carboxy, sulfonate, sulfate, phosphate, or phosphonate.

Betaine and sultaine surfactants are exemplary zwitterionie surfactants for use herein,

A general formuda for these compounds is

wherein R containg an alkyl, alkenvl, or hydroxyalkyl radical of from 8 to I8 carbon atoms
having from 0 to 10 ethylene oxide moleties and from G to 1 glyceryl moiety: Y is selected
from the group consisting of nitrogen, phosphoras, and sulfur atoms; RS s an atkyl ar
monohydroxy alkyl group containing 1 to 3 carbon atoms; x is 1 when Y is a sulfur atom and
when Y s a nitrogen or phosphorus atom, RY is an alkylene or hydroxy alkylens or hydroxy
atkylene of from 1 to 4 carbon atoms and 7 1s a radical selected from the group consisting of

carboxylate, sutfonate, sulfate, phosphonate, and phosphate groups.
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Examples of awitterionic surfactants having the
N N-G 2-hvdroxyethyD-Neoctadeoviammonio butane-~ 1 -carboxylate; §
hydrosvpropyl-S-hexadecyisulfonio}-3-hydroxy
irioxatetracosanephosphonio}-2-hydroxypropane-1

dodecoxy-2-hydroxypropyl-ammonio }-propane- L ~phosphonate; |

pentane-1-sulfate;

PCT/US2021/015692

structures hsted above include: 4-
553+
3P, Pediethyl-P-3,69-

-phosphate; 3- N N-dipropyi-N-3-

3N N-dimethyi-N-

hexadecylammonio)-propane- -sulfonate; 3-(NN-dimethvi-N-hexadecviammonio}-2-

hrvdroxy-propane-1-sulfonate; 4[N N-di(2(2-hydroxyethy}-N2-hydroxydoedecyDammonio]-

butane-1-carboxylate; 3-{S-cthyl-

S-(3-dodecosy-2-hydroxypropyl)sulfonio}-propane-1-

phosphate; 3-[P P-dimethyl-P-dodecylphosphomo}-propane- 1 -phosphonate; and S|N N-di{3-

hydroxypropy-N-hexadecylammonio}-2-hydroxy-pentane-L-sulfate. The alkyl groups

contained in sald deterpent surlactants can

unsaturated.

The zwitterionie surfactant suitable for use in the

betaine of the general structure:

E?n !{f'
R N Hy 005 R e (O
R"

be straight or branched and satursted or

¢ present compositions includes a

I:{N
R PCHa-CO;
R Ty

These surfactant betaines fypically do not exhibit sirong cationic or anfonic characters at pH
extremes, nor do they show reduced water solubility 1 their isoelestric range. Uindike
“external” quaternary smmonium salts, betaines are compatible with anionics. Examples of
suttable betaines inctude coconut acylamidopropyldimethy! betaine; hexadeeyl dimethyl
betaine: Cizga aoylamidopropylbetaine: Ciga acylamidohexyldiethyl betaine; 4-Ciag
acylmethvlanidodiethylammonio- earboxybuatane; Cieas acvlamidodimethylbetaine: Ciae
acylamidopentancdicthyltbetaine; and (he.ie aovlmethviamidodimethyvibetaine.

Suitable sultaines may nelude, withoot imitation, those compounds having the

formula (R{RY: N* RSOV, in which R is a Co -Cis hydrocarbyl group, cach R' s typically

independently Ci-Cs alkyl, e.g. methyl, and R is a C-Ce hydrocarbyl group, e.g. a C-Cs
alkyiene or hydroxyvalkylene group.

A typical listing of zwitterionic classes, and species of these surfactants, is given in
ULS. Patent No. 3,929,678, which is herein incorporated by reference in its entirety. Further
given i “Surface Active Agents and Detergents™ (Vol. |

examples are and Il by Schwartz,

Perry and Bercly), which s herein incorporated by referance in its entirety.
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Corrosion Inhibitor Eich Protecior

In some embodiments, the detergent compositions descrtbed herein include one or
more etch protectors for preventing corrosion of a surface andior one or more corrosion
tnhihitors for addressing calcium carbonate-based scale or other types of mineral scale,
inchuding calciom sulfate, calcimn phosphate, barfam salfate, strontium sulfate, iron
hyvdroxide, silicone dioxide (silica), caleium oxalate, and others. Examples of suitable
corrosion mhibitors/etch protectors include but are not Himited tor a combination of a sowree
of aluminum ion and & source of zinc fon, as well as an alkaline metal sificate or hydrate
thereof.

The corresion inhibitor/eteh protector can refer to the combination of a seurce of
alominnm jon and a source of xing 1on. The source of aluminam 1on and the source of zinge
ion provide aluminum ion and zine ion, respectively, when the solid detergent composition s
provided in the form of a use selution, The amount of the corrosion inhibitorfetch protector s
caleulated based upon the combined amount of the source of aluminun ion and the source of
zine on. Anything that provides an aluminum fon in a use solution can be reforred to as a
source of aluntinum ton, and anything that provides a xine jon when provided in a use
solution can be referred to as a source of zine 1on. 1t is not necessary for the sowres of
alumiman ton andfor the source of 2ing fon to react to form the ahumiman ion and/or the zing
1on. Aluminum ions can be consdered a source of aluminum fon, and #ine jons can be
considered a source of zine ton, The sowrce of sluminum on and the source of zinge ion can
be provided as organic salts, inorganic salts, and mixtures thereofl

Exemplary sources of ghuminwm ton nclude but are not limited fo: aluminum salts
such as sodian aliguningte, aluminum bromide, alominam chlorate, alumibvum chiloride,
aluminum jodide, aluminum nitrate, aluminum sulfate, aluminum acetate, aluminum formate,
aluminany tartrate, aluminum lactate, aluminom oleate, alominom bromate, aluminum borate,
atuminum potassivm sulfate, and aluminum zine sulfate. Exemplary sources of zine ton
include, but are not himited o) zine salts such as zinc chdonde, zine sulfate, zine nitrate, zine
todide, wine thiccvanate, rine fuorosilicate, xive dichromate, zine chlorate, sodium zincate,
¥ine gluconate, zine geetate, xine benzoate, zine citrate, xing lactate, zine formate, wine
bromate, zine bromide, zine Heoride, zine Huorosilicate, and wine sabieyiate.

In some embodiments, the detergent cCompositions CORIAIN ORE OF INOTE COLTOSIoN
inhibitors present in an amount of between about 8,001 wit % to about 10 wit.%, preferably
between ghout 0,001 wi.% to about 5 wt.%, more preferably between about 0.01 wi% to

about 1 wit.%, most preferably between ahout 0.01 wt.%% to about 0.04 wit%

e

3 CF
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Antimicrobial Agenty

The detergent compositions may optionally further comprise one or more
antimicrobial agents. Any suitable antimicroblal agent or combination of astinierobial agents
may be used including, but not imited to, a bleaching agent such as sodium hypochioriie;
hydrogen peroxide; a peracid such as peracetic acld, performic aeid, pevoctanoic acid,
sulfoperoxyacids, and any peracid generated from a carboxylic acid and oxidants; andfor a

Some exampies of classes of compounds that can act as sources of chlorine for an
anthnicrobial agent include a hypochlorite, a chlorinated phosphate, a chlorinated
socyanurate, a chlorinated melamine, a chiorinated amide, and the ke, or mixtures of
combinations thereof.
Some specific examples of sources of chiorine can include sodium hypechlorite, potassinm
hypochlorite, calcium hypochlonite, lithtum hypochlorite, chlorinated trisodiumphosphate,
sodium dichloroisocyanurate, potassium dichloraisocyanurate, pentaisocyanurate,
trichloromelamine, selfondichloro-amide, 1. 3-dichlore 3.5-dimethyl hyvdantoin, N-
chlorosaccoimmide, N N'-dichlorcazodicarbonimide, N N'-chloroacetylorea, NN~
dichlorobiuret, trichlorocyanaric acid and hydrates thereof, or combinations or mixtures
thereot.

In some embodiments, the composition s free of chilorine.

Any stitable peracid or peroxycarboxyhc acid may be used as an antimicrobial agent,
A peracid meloades any compound of the formula R--(COOOH m in which R can be
hydrogen, alkyl, alkenyd, alkyne, acylic, shevelic group, aryl, hetercaryl, or heteraeyelic
group, and 1 15 1, 2, or 3, and named by prefixing the parvent acid with peroxy. Preferably R

Y

molndes hydrogen, alkyl, or alkenyl, The terms “alkyl™ “alkenyl,” “alkyne,” “acylic,”

“alicyelie group,” “aryl” “heteroaryl” and “heterocvelic group™ are as dehined hevein,

As used herein, the term “alkyl™ or “alky] groupy™ vefers to saturated hydrocarbons
haviag one or more carbon ateens, including straight-chain alkyl groups {e.g., methyl, ethyl,
propyl, butyl, pentyl, bexyl, heptyl, octyl, nonyl, deeyl, ete. ), cvelic alkyl groups {or

B 3 e W

cycloalkyl™ er “alicyclie™ or “carbocyclic™ greups) (eug., cyclopropyl, cyclopentyl,
evelohexyl, eyeloheptyl, eyelooetyll ete)), branched-chain alky! groups (e.g., 1sopropyl, teri-
butyl, sec-butyl, isobutyl, etc.), and alkvl-substituted alkyl groups {e.g., alkyl-substitated
cycloatkyt groups and eyeloatkyl-subsiituted alkyl groups). Unless otherwise specified, the
term “alkyl” includes both “unsubstituted atkyls”™ and “substituted alkyls.” As used herein,

the term “sabstitnied alkyls™ refers to alkyl groups having substituents replacing one or more
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hydrogens on oue or more carbons of the hydrocarbon backbone. Such substituents may
mchade, for example, alkenyl, alkyoyl, halogeno, hyvdroxyl, atkylecarbonyvloxy.,
arvicarbonyioxy, alkoxyearbonyloxy, arvioxy, arvioxvearbonyloxy, carboxylate,
atkvicarbonyl, arvicarbonyl, alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyl,
diatkylaminocarbonyl, alkylthiovarbonyl, alkoxyl, phosphate, phosphonato, phosphinato,
cyano, amino {including alkyl amine, dialkylamino, arviamino, diarylamine, and
alkylarvlamino), acylamino (ncluding alkylearbonylamino, arylearbonylamino, carbamoyt
angt urerdo), imino, sulfhydryl, alkyithio, arvithio, thiocarboxylate, sulfates, alkylsulfinyl,
sulfonates, sullamoyl, sullonamido, nitro, rifluoromethyl, cyane, azido, heterocyclic,
alkylaryl, or aromatic (ncluding heteroaromatic) groups. I sone envbodiments, substituted
alkyls can include a heterocychic group, As used herein, the term “heterocyclic group™
inctudes closed ring structures analogons 1o carbocyclic groups in which one or more of the
carbon atoms in the ring 1s an clement other than carbon, for example, nitvegen, sulfur or
oxygen. Heterooyelic groups may be satwratad or unsaturated. Exemplary heterocyclic groups
mchude, but are not Hmited to, azividine, cthylene oxide (epoxides, oxirances), thiirane
{episulfides), dioxirane, arctidine, oxetane, thictane, dioxetane, dithietane, dithicte, arolidine,
pyrrolidine, pyrroline, oxolane, dibydrofuran, and furan.

The term “alkeny!” mclndes an unsaturated aliphatic hydrocarbon chain having from
2 10 12 carbon atoms, such as, for example, stheayl, -propenyl, 2-propenyl, t-butenyl, 2-
methyl-1-propenyl, and the like. The alkyl or alkenyl can be terminally substituted with a
heteroatom, such as, for example, 8 nitrogen, sullor, or oxygen atown, forming an aminoalkyl,
oxyalkyl, or thicalkyl, for example, aminomethyl, thivethyl, oxypropyl, and the like.
Similarly, the gbove alkyl or alkenyl can be mterrupted 1u the chain by 8 beteroatom forming
an alkyviaminoatkyl, alkvithioalkyl, or alkoxyalkyl, for example, methylaminoethyl,
ethyithiopropyl, methoxymethyl, and the like.

Further, as used herein the term “aheyelie™ includes any ovelic hyvdrocarbyl
contaiing from 3 10 8 carbon stoms, Examples of suttable alicyclic groups include
cyclopropanyl, eyclobutanyl, cvclopentanyl, ete. The term “heterocyelic” meludes any closed
ring structures gnalogous to carbocyclic groups in which one or more of the carbon atoms in
the ring is an element other than carben (heterogtom) , for example, a nitrogen, sulfar, or
oxygen stom, Heterocyelic groups may be saturated or unsaturated. Examples of suitable
heterocyelic groups melude for example, axniding, ethylene oxide {epoxides, oxiranes),
thifrane {episulfides), dioxirane, azetidine, oxetane, thictane, dioxetane, dithictane, dithigte,

azotidine, pyrroliding, pyrroline, oxolane, dibvdrofuran, and faran, Additional examples of
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suitable heterocvelic groups include groups derived from tetrahydrofurans, furans,
thiophenes, pyrrolidines, piperidines, pyridines, pyrrols, picoling, coumaline, ete.

In some embodiments, alkyl, alkenyl, alicyclie groups, and heterocyclic groups can be
unsubstituted or substituted by, for example, aryl, heteroaryl, Cia alkyl, Ciaalkenyl, Crg
atkoxy, amino, earboxy, hale, nitro, eyano, ~-SO:H, phosphono, or hydroxy, When alkvl,
atkenyl, alicyclic group, or heteroovelic group is substituted, preferably the substitution is Cy.
¢ alkyl, halo, nitvo, amido, hiydroxy, carboxy, sulpho, or phosphono. In one embodiment, R
includes alkyl substituted with hydroxy. The term “arvl” includes aromatic hydrocarbyl,
inchuding fused aromatic rings, sach as, for example, phenyl and naphthyl. The term
“heteroarvl” includes heterocycdic aromatio derivatives having at least one heteroatom such
as, for example, nitrogen, oxygen, phosphorus, or subfur, and mcludes, for oxample, furyl
pyrrolyl, thienvl, oxazolyvl, pyridyl, imidazolyl, thiazolyl, soxazelyl, pyrazolyl, isothiazelyl,
ete. The term “heteroaryl” also includes fused rings in which at least one ring is aromatie,
such as, for example, mdolyl, purinyl, benzofuryl, ete.

In some ambediments, aryl amd heteroary! groups can be unsubstituted or substituted
on the ring by, for example, aryl, heteroaryl, atkyl, alkenyl, alkoxy, amino, carboxy, halo,
nitro, evano, ~-SO:H, phosphono, or hvdroxy. When arvl, aralkyvi, or heteroaryl is substituted,
proferably the substitation 18 Cig alkyd, halo, nitro, amtdo, hydroxy, carboxy, sulpho, or
phosphono. In one embodiment, B inclodes arvl substituted with €4 alkyl

The peroxyearboxylic acid compositions suitable for use can include any C1-C22
peroxyearboxylic acid, weloding wixtures of peroxycarboxylic acids, inchuding for example,
peroxyformic acid, peroxyacetic acid, peroxyectanoie acid and/or peroxysulfonated ole
actd. As used herein, the term “peracid™ way also be referred 1o as a “percarboxyhic acid,”
“peroxyearboxylic ackl™ or “peroxyacid.” Sulfoperoxyearboxylic acids, sulfonated peracids
and sulfonated peroxycarboxylic acids are also inchided within the termis “peroxyearboxylic
acid” and “peracid” as used herein, The terms “sulfoperoxyvearboxylic acid,” “sulfonated
peracid,™ or “sulfonated peroxyearboxylic goid” refers to the peroxycarboxylic acid form ol a
sulfonated carboxylic acid as disclosed in ULS. Patent Nos. 8,344 026 and 8,809,392, and
LLS, Patent Poblication No, 2012/0052134, cach of which are incorporated herein by
reference in their entively. As one of skill in the art appreciates, a peracid refers to an scid
having the hydrogen of the hydroxyl group in carboxyvlic acid replaced by a hyvdroxy group.

Oxidizing peracids may also be referred to herein as peroxycarboxylic acids.
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Another type of suitable antimicrobial agent is guaternary ammionium compounds,

The term “quaternary smmonium compound” or “quat” generally refers {o any compostiion

with the following formula:
RZ?

RI=N"—R3 | X-

where R1-R4 are alkyl groups thatmay be alike or different, substifuted or unsubstituted,
saturted or unsaturated, branched or anbranched, and eyelic or acyelic and may contain
ether, ester, or amide linkages: they niay be aromatic or substituted aromatic groups. Inan
aspect, groups R, R2, R3, and R4 cach generally having a C1-C20 chain tength. X- isan
amome counterion. The term “antonic counterton™ wiclodes any 1on that can form a salt with
gquaternary anyponiunt, Examples of suitable counterions include halides such as chlorides
and bromides, propionates, methosulphates, saccharinates, ethosulphates, hydroxides,
acetates, phosphates, carbonates (such as commercially available as Carboguat H, from
Lowza), and nitrates. Preferably, the avdonic counderion is chlorde.

Examples of suitable quaternary smmonium compounds include but are not timited to
diglkvidimethylamines and ammonium chlondes Hike alkyl dimethyl benzyl spmmonium
chloride, octyl deeyl dimethyl ammmonium chioride, dioctyl dimethyvl smmonivm chloride,
and didecyl dimethyl ammonium chloride 1o name a few. A single quaternary ammeniun or
a combination of more than one gusternary ammonium may be included in embodiments of
the selid compositions. Farther examples of quaternary ammonium compounds include but
are not imited to amidoamine, imidozoline, epichiorohydrin, benzethontum chioride,
ethylbenzyvl alkonium chloride, myristy! trimethyl ammontam chloride, methy! henzethonium
chioride, cetalkoniom chloride, cetrimonitm bromide (CTAB), camitine, dofaninm chloride,
tetracthyl amomonium bromide (TEAB), domiphen bromide, benzododecininm bromide,
benzoxoninm chloride, choling, cocamidopropyl betaine {CAPR), denatoniun, and mixturses
thereot.

Additionad Functional tngredionty

The components of the detergent composition may optionally be combined with
various additional functional ingredients. The functional ingredients provide desired
properties and fmctionalities to the detergent composition. For the purpose of this

application, the term “fuanctional mgredients™ includes an ingredient that when dispersed or
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dissolved in a use andior concentrate, such as an agueous solution, provides a beneficial
property in a particular use. Some examples of functional ingredients are discussed in more
detail below, although the particulayr materials discussed are given by way of example only,
and that a broad variety of other functional ingredients may be used. For example, many of
the fimctional ingredients discussed below relate to materials used in cleanimg applications.
However, other embodiments may include functional ingredients for use in other
applications.

Excmplary additional functional ingredients inclade for example: builders or water
conditioners, including detergent bullders: hardening sgents: bleaching agents; fillers:
defoaming agents; anti-redeposition agents; stabilizing agents; dizpersants; enzymes; glass
and metal corrosion inhibitors; fragrances and dyes; thickeners; ete. Further description of
sutfable addittonal functional ingredients is set forth in US, Pat. No. 8,748,364 which is
incorporated herein by reference in its entivety.

For example, the compasitions may include various assthetic enhancing agents, such
as dyes and odorants including perfumes, and other acsthetic enhancing agents can be
mcladed 1 the composition, Dyes may be mcladed to alter the appearance of the
composition, as for example, Direct Blue 86 (Miles), Fastusol Blue (Mobay Chemieal Corp.),
Acid Qrange 7 (American Cyanamad), Basice Violet 10 (Sando), Acid Yellow 23 (GAF),
Aeid Yellow 17 (Sigma Chamical), Sap Green {(Keystone Analine and Chemieal), Metanil
Yellow {Keystone Analine and Chemical), Acid Blue 9 (Hilton Davis), Sandolan Blue/Acid
Bhie 182 {(Sandow), Hisol Fast Red (Capitol Color and Chemucal), Fluorescein (Capitol Color
and Chemical), and Acid Green 238 {Ciba-Geigy).

Fragrances or perfumes that may be included in the compositions include, for
example, lerpenoids such as citrenellol, aldehydes such as amyl cionanaldehyde, a jasmine
stch as Cli~jasmine or jasmal, and vanillin,

The one or more additional functional ingredients may be present in an smount of up
fo about 83 wit %, preferably between 0.001 wit.% and 65 wit.%, more preferably in an amount
of between (1001 wt.% to about 30 wt.%, most preferably 0,001 wt.% to about 20 wi %

EForms of the Compeosition

The detergent compositions desenbed herein may be formulated into solids, higuads,
pastes, andfor gels.

The components nsed to form the concentrated detergent composition can include an
aqueous medinm such as water as an aid in processing. It is expected that the aqueous

mediom will help provide the components with a desired viscosity for processing. In
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addition, #t is expected that the aqueous medinm may help in the solidification process when

18 desired {o form the concentrated detergent composttion as a sohd, When the concentrated
detergent composition is provided as a solid, it can, for example, be provided in the form of a
block or pellet, It is expected that blocks will have a size of at least about § grams, and can
inchude a size of greater than about 50 grams. [tis expected that the concentrated detergent
composition will include water in an amount of 1 o 50 % by weight, preferably 2 t0 20 % by
weight.

The detergent compositions may be provided as a lquid, including liguid
concentrates, When provided as a concentraie, the compositions may be diluted to form use
compositions. n general, a concentrate refers to a composition that is intended to be diluted
with water to provide a use solution that contacts an object to provide the desired cleaning,
rinsing, or the like, The detergent composition that contacts the articles {o be washed can be
reforred to as a concentrate or a use composition {or use solution) dependent upon the
formulation employed in methods as described heretn.

A use solution may be prepared from the concentrate by diluting the concentrate with
water at o ditulion ratio that provides a use solution having desired detersive properties. The
water that is used to dilute the concentrate to form the use composition can be referred to as
water of ditution or o diloent and can vary from one location 1o another. Preferably, the
concentrated detergent compaosition iy diluted at a conceantration of (L1 10 10 @/, preferably
0.5 10 5 g/, most preferably 1 10 4 g/t o provide a use solution,

[ addition to hquads, the detergents of the application may be provided as solids.
Solid detergent composttions provide certaln conumercial advantages. For example, use of
concentrated solid detergent compositions decrease shipment costs as a result of the compact
solid form, I comparison to bulkier lquid products. In certain embodiments, solid products
may be provided in the form of o multiple-use solid, such as, a block or a plurality of pellets,
and can be repeatedly used to generate agquesus use solutions of the detergent composition for
multiple cyeles or a predetermined number of dispensing cycles. In certain embodiments, the
solid detergent compositions may have a niass greater than about § grams, such as fur

example from abont 5 grams to 10 kilograms, In centain embodiments, a multiple-use form of
the solid detergent composition has a mass of aboat 1 kilogram to about 10 kilogram or
greater,

Swuitable solid compesiiions produced according to the application may take a variety

of forms inchuding but not limited to granular and pelictized solid compositions, flakes,
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powders, granudes, pellets, tablets, lozenges, pucks, briqueties, bricks, unit doses, flowable
solids, andfor block compositions, whether pressed, extrnded, or cast.

In a pressed solid process, a flowable solid, such as granular solids or other particle
solids are combined under pressure to form the solid composition. In a pressed solid process,
flowable solids of the compositions are placed into a form {e.g., 8 mold or container), The
method can include pently pressing the flowable solid in the forss to produce the solid
cleaning composition, Pressure may be applied by a block machine or a turatable press, or the
like.

The detergent compositions may optionally be cuved o produoce the sohd
compositions. As referred to herein, an uncured compostiion including the flowable solid 1s
compressed to provide sufficient surface contact between particles making up the flowable
solid that the uncured composition will solidify into a stable solid composition. A sufficient

quantity of particles {¢.g. granules) in contact with one another provides binding of particles

&

to one another effective for making a stable solid composition. Inclusion of a coring siep may
mchude allowing the pressed solid to sohidify for a period of time, such as a fow hours, or
about 1 day {or longer), In additional aspects, the methods could include vibrating the
fowable solid in the form or mold, such as the methods disclosed in ULS. Patent Ne.
8.8R0.048%, which ts herews incorporated by reference m s entirety.

The use of pressed solids provides numerous benefits over conventional solid block or
tabiet compositions regairing Ingh pressare in g tablet press, or casting requiring the melting
of a composition consunuing sigrnificant amoants of energy, and/or by exirasion reguiring
expensive equipment and advanced techmieal know-how, Pressed solids overcome sueh

artons Hrmtations of other solid formulations for which there 15 2 veed for making solid
compositions. Moreover, pressed selid compositions retain 1ts shape under conditions in
which the composition may be stored or handled,

In an embodiment, the detergent compositions of the application may be provided in
ihe form of pellets. In an aspect, pelletized materials can be formed by compressing the solid
granular or agglomerated complex of urea and acid in appropriate pellctizing equipment {o
result in appropriately sized pelletized materials, Solid block and cast solid block materials
can be made by introducing mto a container either a pre-hardened block or a sohd block that
hardens within a contamer. Preferved contamers inchide disposable plastic containers or
water-sofuble film containers. Other suitable packaging for the composition includes flexible

bags, packets, shrink wrap, and water-soluble filin such as polyvinyl aleohol.

435



1

.
1.5

30

WO 2021/155135 PCT/US2021/015692

In other aspects, the solid compositions may be formed using & batch or contimous
mixing system to combine the materials described herein. In an exemplary embodiment, a
single- or twin~-screw extruder is used to combine and mix one or more components at high
shear to form a hommogeneous mixiure, In some embodiments, the processing temperature is
at or below the melting temperature of the components. The processed mixture may be
dispensed from the mixer by forming, casting or other suitable means, whersupon the
detergent composition hardens {o a solid form. Generally, a solid composition processed
according to these methoeds is substantially homogensous with regard to the distribution of
ingredients throughoat its mass and 1s dimensionally stable.

In an extrusion process, the components of the composition are introduced nto final
mixing system and are continuously mixed until the components form a sobstantially
homogeneous semi-solid mixture in which the components are distributed throughont iy
mass. The mixture is then discharged from the mixing system into, or through, a die or other
shaping means. The product is then packaged. In an exemplary embodiment, the formed
composition begins 1o harden to a solid form.

In a casting process, the components of the composition are introduced into the final
mixing svstem and are continuously mixed until the components form a substantially
homogeneous Hgoid maixture 1w which the components ave distriboted throughout Hs mass,
Onee the mixing is complete, the product is transferred to a packaging container where
solidification takes place. In an exemplary embodinent, the cast composition beging to
havden Lo a solid form.

Methods of Use

The detergent compositions described herein are suitable for use wn various
applications and methods, including any application suitable for a detergent composition,
More particularly, the delergent compositions described herein may be osed in any wdustry
where use of an alkaline detergent is desived and where 1t 18 beneficial to remove soil and
especially sfarch-based soil trom & surface. The methods described herein facilitate soil
removal, particularly starch soil removal, on treated substrate surfaces beneficially cleaning a
surface and preventing soil baildup.

Methods of use employing the detergent compositions deseribed herein are
particuiarly suitable for institutional ware washing, Exemplary disclosure of warewashing
applications iy set forth in U8, Patent Application Serial Nos, 13474,771, 13474780 and
137112412, including all references cited therein, which are herein incorporated by reference

in s entirety. The method may be carried out in any consamer or institutional dish machine,
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meluding for example those described in ULS. Patent No. 8,092,613, which is incorporated
herein by reference in its entirety, incloding all figures and drawings. Some non-liniting
examples of dish machines include door machines or hood machines, conveyor machines,
undercounter machines, glasswashers, fight machines, pot and pan wachines, wensid
washers, and conswer dish machines. The dish machines may be either single tank or multi-
tank machines,

A door dish machine, also called & hood dish machine, refers to a commercial dish
machine wherein the soiled dishes are placed on a rack and the rack is then moved into the
dish machine. Door dish machines clean one or two racks at @ time, I such machines, the
rack is stationary, and the wash and rinse arms move, A door machine mcludes two sets arms,
a st of wash arms and g rinse avm, or a set of rinse arms.

Door machines may be a high temperature or low temperature machine. In a high
temperature machine, the dishes are sanitized by hot water. In a low temperature maching, the
dishes are santized by the chemical samtizer. The door maching may either be a recirenlation
machine of a dwnp and fill machine. In a recireulation machine, the detergent solution ix
reused, or “recirculated” between wash cyeles. The concentration of the detergent solution is
adjusted between wash cycles so that an adeguate concentration is maintained. In a dump and
fill machine, the wash solution 1s not reused between wash oveles. New detergent solution i
added before the next wash cycle. Some non-limiting examples of deor machines mchude the

Ecolab Omega HT, the Hobart AM-14, the Ecolab ES-2000, the Hobart LT-1, the CMA

EVA-200, Awerican Dish Service L-3DW and HT-23, the Autochlor AS, the Champion D-
HB, and the Jackson Tempstar.

In an aspect, the defergent compositions arve nsed as a warewashing detergent for the
removal of starch soil at a temperature of 20°C to 85°C, preferably from 50°C to 75°C The
use of the deseribed concentrated detergent composition as a warewashing detergent also
atlows for short washing times, which s defined as the time the warewashing detergent is
contacted with the ware before it is rinsed off. Prelerably the warewashing delergent s used
for a washing time of 10 seconds to § minutes, preferably 15 seconds to 2 minutes, more
preferably 30 to 60 seconds, moest preferably 30 to 43 seconds.

in addition, the methods of use of the detergent compositions are also suttable for CIP
andior COP processes to replace the use of bulk detergents leaving bard water residues on
ireated surfaces, The methods of use may be desirable in additional applications where

mdustrial standards are focused on the guality of the treated surface, such that the prevention
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of hard water scale accumudation provided by the detergent compositions. Such applications
may include, but are not hmiled to, vehicle care, industrial, hospital and fextile care.

Additional industriey in which the detergent composttions may be of use include food
and beverage apphications, the restavrant/dining industry, fextile cave/laundry, the healthcare
industry {e g hospitals, care facilities, clinies, efe) anddor pest elimination. Examples of

applications of use for the detergent compositions include, for example, alkaline detergents
effective as grill and oven cleaners, ware wash detergents, laundry detergents, laundry
presoaks, drain cleaners, hard surface cleaners, surgical instrument cleaners, transportation
yehicle cleaning, vehicle cleaners, dish wash presoaks, dish wash detergents, beverage
machine cleaners, concrete cleaners, building exterior cleaners, metal cleaners, floor cleanses,
counter cleaners, table cleancrs, degreasers, bumed-on soil removers, textiles, andéor fabries,
In a variety of these applications, detergent compositions having a high atkalinity are most
desirable and efficacious, however the damage caused by hard water seale accumulation i3
undesirable,

The various methods of use as deseribed hercin employ the use of the detergent
composttion, which may be formed prior to or at the point of use by combining the
components of the detergent composition in the weight percentages disclosed herein. The
defergent composiion may be provided my vartous formulations. The methods of use may
employ any of the formulations disclosed, including for example, lguids, semi-solids andfor
other solid formulations as described herein,

The wethods may also employ a concentrate andfor a use solution constituting an
agueons selution or dispersion of a conventrate ag described herein, Such use solutions may
be formed during the washing process such as during warewashing processes.

In aspects, employing packaged solid detergent compositions, the products may first
require rexoval from any applicable packaging (e.g. film). Thereatier, sccording to certain
methods of use, the compositions can be inserted directly into a dispensing apparatus andéor
provided to & water source for cleaning. Examples of such dispensing systens wiclude for
example U.S. Patent Nos. 4,826,661, 4,690,303, 4,687,121, »4,426_\3(32 and U8, Patent Nos.
Re 32,763 and 32,818, the disclosures of which are incorporated by reference herein in its
entivety. Ideally, a solid detergent composition 1s configured or produced to elosely fit the
particuiar shape(s) of a dispensing system in order to prevent the introduction and dispensing
of an incorrect solid product into the apparatus,

In certain embodiments, the detergent composition may be mixed with a water soures

arior to or at the point of use, In other embodiments, the detergent compositions do not
i to or at the point of In other embodiments, the detergent compositions do not
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require the formation of a use solution andfor further dilution and may be used without
further diluhion.

In aspects, emploving solid detergent compositions, a water source contacts the
defergent compaosition to convert solid detergent compostiions, particularly powders, nto nse
sohutions, Additional dispensing systems may also be utilized which are more suited for
converting alternative solid detergents compositions into use solutions. The methods melnde
use of a vartety of sohid detergent compositions, including, for example, extraded blocks or
“rapsule” types of package.

In an aspect, a dispenser may be emploved to spray water (e.g. in a spray pattern from
a nozzle} to form a detergent use solution. For example, water may be sprayed toward an
apparatus of other holding reservolr with the detergent composition, wherein the water reacts
with the solid detergent composition to form the use solution. In certain embodiments of the
methods, a use solation may be configured to drip downwardly due 1o gravity nntil the
dissolved solution of the defergent composition is dispensed for use. In an aspect, the use
solution may be dispensed into & wash solution of a ware wash machine,

All publicatioms and patent applications in this specification are mdicative of the level
of ordinary skill in the art to which this disclosure pertains. All publications and pateat
applcations are heremn ncorporated by reference to the same extent as 1 each individual
publication or patent application was specifically and individually indicated as incovporated
by reforence.

ENAMPLES

Embediments of the conpositions deseribed herein are further defined o the
following non-limiting Exavaples. It should be understood that these Examples, while
mdicating certain embodiments, are given by way of illnstration only. From the above
discussion and these Examples, one skilled in the art can ascertain the essential characieristics
of the compositions and methods desertbed herein, and without departing from the spirit and
scope thereof, can make varions changes and moditications of the embodiments to adapt it {o
various gsages and conditions. Thus, various modifications of the embodiments, in addition

to those shown and deseribed herein, will be apparent o those skitled in the art from the
foregoing deseription. Such modifications are also intended to falt within the scope of the
appended claims.
EXAMPLE 1
A cleaning performance test was conducted to assess starch removal efficacy of a base

detergent formudation, a detergent + bleach formulation, a detergent + enzyme formulation,
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and a detergent + bleach + enzyme formulation. These formulations are provided in Tables 3~
& below,

Table 3. Formulation A: Base Detergent Compaosition

Component Quantity (wt,%)
Dense Ash 35-45
Soduun tripolyphosphate 15-25
MGDA 5-15
GLPA (Nay Selution, 47%6) i-8
Sodium Aluminate (45%) $.1-0.5
ATMP (3% -5
Antargx 25-R-2 iR
5
Table 4. Formulation B: Base Detergent + Bleach Compesition
Component Quantity (wt.%)
Formulation A ~ 8BS
Nodiam Percarbonate IS
M Catalyst 0.025
Table 5. Formulation C: Base Detergent + Enzyme
"""""""""""""""" Compenent | Quantity (wh.%)
Formulation A ~ 83
Amylase (Termamyl 1200 i
{0 Table 6. Formulation : Base Detergent + Bleach + Enzyme Composition
Component Quantity (wt.%)
Formulation A ~ 83
Sodiam Percarbonate 1§
M Catalyst 0.025
Amvlase (Termamyl 1207) i
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The sotl removal test was conducted using melaine tiles (Testfabrics, Inel) coated
with potato starch (DM-79). The polato starch 1 colorless but bonded with an orange color to
atlow a quantiative soil removal measurement with a colorimeter.

Four starch-sotled melamine tiles were provided and their inttial reflectance was

5 recorded using a colorimeter {Mach 3, HuoterLab) in order to assess a baseline of soiling.

The tiles were then scoured In holders and placed at 2 45° angle in a Peggy dish rack. The

tiles were washed in a door style dish machine (Hobart AMIS, 53 L wash sump, 2.6 L rinse
volume) for 10 cyeles, where cach eyele included a 38 second wash phase and a 10 second

rinse phase (at 20 {}S‘i);

10 For the base detergent + bicach + epzyme compaosition, cach evele the composition
was dosed at a concentration of 2.0 p/L. In between cach individual eyele, 5% more detergent
was added to maintain the detergent concentration. For the compositions without sodinm
percarbonate and the Mn catalyst, only 1.7 g/ detergent was added so that the concentrations

of all other components were the same as the 2.0 ¢/L of the detergent + bleach + enzyme

&

.
1.5

composition.

After completion of the wash evele, a colorimeter was used to measure the percentage
of soil removal. Percentage of soil removal was caleulated according to the following
formuda:

%5 2ol Removal = E{I Saat— binat) {i;bkq | }i [LE:4
20 In this formula, L7 is the hight-dark condrast valoe mosswred by the colorimeter, where Luew
= RRAS, Linwa 13 the hght-dark contrast value before the wash ovele and Lisa 18 the bght-dark
contrast value after the completion of all wash eycles, The results of this evaluation are
depicted m Table 7 and Figore 1.

Table 7. Soil Removal Efficacy

Formulation Soil Remaoval (%)
Formulation A {detergent} 11.23%
Formmulation B (detergent + bleach) 21.1%
Fornudation C {detergent + enzyme) 18.53%
Formulation D {detergent + bleach + enzyme) H0.8%,

25 As shown in Table 7 and Figure 1, the base detergent provides an approximately 11% soil
removal efficacy. Adding the bleach (sodium percarbonate and Mn catalyst) boosts soil
removal efficacy by 9.9% (21,19 - 11.2% = 9.9%;) beyeond the soil romoval of the detergens

Py

alone. Adding an amylase enzyme {o the detergent boosts soil removal approximately 7%

31
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{18.3% ~ 11.2% = 7.1%0). In view of these results the expected efficacy (hased on merely

additive efficacy) for the detergent + bleach + enzyme composition was approximately 28%

{11.2% + 9.9% + 7. 1% = 28.2%), Surprisingly. however, the actual efficacy of the detergent
+ bleach + enzyme composition was 60.8%, more than double the expected sotl removal. The

substantial improvement in soil removal indicates an unexpected synergy between the

detergent, bleach, and enzvme.

&

Given the surprising efficacy demaonstrated through the combination of a detergent,
bleach and enzyme, further evaluations were conducted to assess whether the exhibited
synergy is applicable to all amyvlases. The same comparative formulas (Foromulas A and B}
were prepared according to the tables m Example 1. An additional detergent + bleach
composition and a detergent -+ bleach + enzyme composition were further prepared according
o Table 8 and Table 9, using a different amylase enzyme.

Table 8. Formulation E: Base Detergent + Enzyme Compaosition

Component Quantity (wt.%)
Formulation A ~ &3

Amylase (Achieve Choice 180T | 0.5

Tabie 9. Formulation ¥: Base Detergent + Bleach + Enzyvme Composition

Component Quantity (wt.%)}
Formulation A ~ 8F

Sodiam Percarbonate is

Mn Catalyst 0.025

LA

Amylase (Achieve Choiee 1) | O

The formulations A, B, B, and F were evaluated using the procedure ouilined in Example 1
The results of this evalnation are shown below in Table 10 as well as in Figure 2,

Table 10, Seil Removal Efficacy

Formulation Soil Removal (%)
Formulation A {detergent) 11.2%
Formulation B {detergent + bleach) 21.1%
Formulation E (detergent + enzyme) 37.9%
Formulation F {(detergent + bleach + engyne) 73.2%

141
[
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As shown in Table 10 the Achieve Chotce 1507 provided an additional 26.7% boost in soil
removal bevond the base soil removal of the detergent composition alone (37 9% ~ 11.2% =
26.7%). Consistent with Example 1, the addition of the bleach composition improved soil
removal by 9.9% beyond the soil removal of the detergent composition alone 21 1% - 11.2%
= 9%, As such, the expected efficacy (based on merely additive efficacy} for the detergent
+ bleach + enzyme composition was approximately 47.8% (11.2% + 9.9% + 20. 7% =
47.8%;}. Surprisingly, however, the actual efficacy of the detergent + bleach + enyme
composition was 73.2%, more than a 30% increase in efficacy compared to the expected
yalue. The substantial improvement in soil removal confirms an unexpected synergy between
the detergent and bleach compositions described herein and all amyvlase enzymes.

Other commercially avatlable detergent formulas were tested with the addition of
amylases to assess whether an amylase conld simply be added 1o any detergent composition
to achieve synergy. An example compostiion as desceribed heretn was prepared along with
four comparative compositions similar to commercially available nline detergent
composttions. 10 ppm Termamy! 3006, a hquid form of Termamyl 1207, was added {0 the
wash solution with 1000 ppm of cach of the formulations.” These comparative composttions
are showy in Tables 11-15 below.

Table 11, Formulation G

Component Cuantity (Wi.%)
Primary Alkalinity Sousce | 3343
Secondary Alkalinity Source 120
Aminocarboxylic Acid 10-20
Phosphonic Aud 20-30
Phosphenate 4 S
Nontonic Surfactant -8
Mn Catalysi 0.01-0.3
Corrosion Inhibitor 0.1-1

Table 12, Comparative Composition 1

Component Quantity (wt,%)
Primary Alkalmity Source 81

secondary Alkalingty Source i

Water Conditioning Polviner 7

EQ/PO Block Copolymer 4

Phosphonate 1.5
Aminocarboxvlate 2

Corroston nhibitor 2.5

Emulsibier Stalulizer i

141
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Table 13. Comparative Composition 2
Component Quantity (wi.%)
Primary Alkalinity Source 71
Secopdary Alkalinity Source 2.5
Polvearboxylic Acid Chelang 4.5
Phosphonic Acid i
Nomonic Surfactant 6
Filler i
Celhulose 0.3
Comosiondnbibitor W
Bleach 1.5
Water 2
Table 14, Comparative Composition 3
Component Oumantity (wit.%)
Primary Alkalinity Souree | £}
wecondary Alkalinity Sourgs 33
Water Conditioning Agent 12.5
Nonionie Surtactant 2
Filler 0.1
Corrosion Inhibitor 3.2
Water 10
Table 15, Comparative Composition 4
Lomponent | Quantity (wt.%)
Primary Alkabinity Sowrce 80
Waler Conditioning Agent 7.5
Nenionice Surfactant 2
Corrosion Inhibitor S
Emulsifier/Stabilizer &
Formulation & and the comparative compositions were evaluated using the procedure

outlined in Example 1, except that twe trials were ran for each composition, one where the

dose concentration was 1000 ppm detergent and 10 ppm amylase, and another irial with 1000

ppm detergent but no amylase. This evaluation was conducted over a period of 20 wash

cycles, The results of this evaluation are shown in Figure 3 and Table 16.

Table 16. Soil Removal Efficacy

Composition

Soit Removal Without

Amviase (%

Soil Removal With

Amylase (%)

Formulation (G 228

Comparative Compostlion ] 1 13.0

LR LN
Cd {4k

Comparative Composition 2 | 117

a4

pevoy

Comparative Compostiion 3 | 9.8

e et b ol

Tad g

Comparative Composition 4 | 10.2

o

:-4

e
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Figure 3 shows that the amylase 1s not compatible with all warewash formulas.
Comparative Composiiion 1 is an enzyme-compatible ash-based delergent which
demonstrates an improved soil removal performance upon addition of the amylase. However,
the performance of Uomparalive Composition 1 is not synergistic and is substantially less
than the soil removal of Formulation G, Comparative Composition 2 s a chlorine containing
ash-based detergent. Without being bound by theory, it is thought that the amylase ix
mcompatible with the chlorine: soil removal for Comparative Composition 3 only increased
by (.4% upon addition of the amylase. Comparative Composition 3 is a high caustic
detergent. Withoot being bound by theory, it is thonght the amylase 1 wmeflective i the
highly caustic conditions of Comparative Composition 3, as seil removal sctually decreased
upon addition of the amylase, Comparative Composition 4 1s also an ash-based detergent. I is
believed one or more components of Comparative Composition 4 are incompatible with the
enzvme as soil removal efficacy only increased by about 7% with the addition of the amvlase.

These data show merely additive and even negative interactions between mling
detergent compositions and amylase szymes. Given the minimal benefit provided by an
SRV 1y comparative compositions, it 15 unexpected that an armylase would synergistically
interact with the detergent compositions described herein to dramatically improve soil
removal, The synergistic efficacy is parbicularly surprising because starch-based soils are
more ditficalt to remove than many other types of soils.

[ addition to soil removal data, the compositions were evalnated for thew stability as
a solid under a variety of femperature conditions, Three humidity chambers were used o
create these temperatures: a first at ambient tenaperature (72°F, 50% RH), a second at 100 ¥F
{65% RH), and a third at a temperatare of 1227F («<530% R, Formulations D, F, and G as
described in Examples 1-3 were fonmulated into solid blocks and blocks of each formudation
were placed m the humidity chambers for a period of § weeks.

Formulations D, F, and G were also subjecied o cyclical temperatures, simulating
storage conditions, wherein the humidity chamber was kept at B0%F (63% RH) for 11 hours,
then over the course of an hour increased to HOSPF (30% RH), then maintained at 105°F for
another 11 hours, and finally decreased back to 80°F {(63% RH) over the course of an hour,

For both tests the solid blocks were evaluated for swelling {greater than 3%) and
cracking. After § weeks of testing, Formulations D, F, and G exhibited good dimension

stability: there were no substantial phystcal problemy with the blocks.

141
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The embodiments being thus deseribed, it will be obvious that the same may be varied
i many ways. Sach vanations are not o be regarded as a departure from the spirt and scope
of the disclosure and all such modifications are intended to be included within the scope of

the following claims.
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CLAIMS
What 1s clatmed is:
R A detergent composition comprising:

an atkalinity source;
one or more surfactants;
an amylase; and
one or more chelating agents;
A1 OXYEEN SO0ree;
a bleach activator, wherein the bleach activator comprises oae or mwre compounds according
to the Formudas (1), (), (XIX) and (XX
HEeMXolYs  (Formula (I3
wherein cach L independently 13 an organic ligand containing at least three nitrogen
atoms andfor at feast two carboxyl groups; wherein M 1s a metal, and wherein
the metal is & transition metal, wherein “X7 s a coordinating or bridging group,
wherein “Y" is a counter o, wherein “p7 s an integer from o 4, "¢ is an
mteger from 1 to 2, °r7 is an integer from O 10 6, and 5™ s the number of counter

Hons;

{Formula (11})
wherein Ly and Ly are separate Higands or where Ly and L ave combined; wherein
“M™ s o metal, and wherein the metal i manganese or irons wherein “Y 7 is a

counter ion; and wherein “X™ is a coordinating or bridging group

e S EEEERR MO =M= o menon N | [PFglp

- ~ {Formula (XIX))

141
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A O Mz =see N | (Ol

™S -
— ~ (Formula (XX)).
2. The detergent composition of elaim 1, wherein the alkalinity source 15 an alkali metal
& i ; 3
carbonate.
5
3. The detergent composition of any one of claims 1 or 2, wherein at least one of the ong
or more surfactants are a nonionic strfactant, and wherein the nomonic surfactant comprises
a poloxamer.
0 4 The detergent composition of claim 3, further comprising one ormore additional
SRZYIMIES,
5. The detergent composition of any one of claims -4, wherein the bleach composition
is a perexygpen bleach,
15
£, The detergent composition of claing 5, wherein the peroxygen blesceh ix sodium
percarbonate, sodinm perborate, hvdrogen peroxide, andfor a peracid.
7. The defergent composition of any one of claims 1-6, wherein the bleach activator

20 comprises Formula (1) and wherein the coordinating or bridging group is H:0, OH, SH,

HOw, OF, 025, §5F, CF, Br, T, NOy, NOw, SO, SO%, PO, Ny, ON7, NRa, NCS,

RON, R&, RCOy, RO, or o o with R being hydrogen or a Cy to Cs alkyl

group; or wherein the bleach activator comprises Fornmala () wherein the coordinating or

bridging group is OF, O, CHO-, CH:CON, O QO ok

141
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8. The detergent composition of any one of claims 1-7, wherein the one or more

fod

chelating agents compnise a phosphate and an aminocarboxylate.

9. The detergent composition of claim 8, wherein the phosphate s an alkali metal
phosphate and the aminocarboxylate is EDTA, HEDTA, DTPA, EDDS, HEIDA, DS, HIDS,

MGDA andfor GLDAL

10.  The detergent composition of claim 9, wherein the alkali metal phosphate is sodium
orthophosphate, potassitmm orthophosphate, sodium pyrophosphate, potassium

pyrophosphate, sodivn tripolyphosphate, and/or sodivm hexametaphosphate.

11, The detergent composition of any one of claims 1-18, further comprising a corrosion
inhibitor comprising sodium sluminate, alominum bromide, alominum chlomte, aluminam
chloride, alumnum jodide, aluminmm pitrate, aluminem saliate, alwminum acelate, aluminom
formate, aluminum tartrate, alaminum lactate, alummum oleate, aluminun bromate,
alumtnam borate, aluninum potassium sulbfate, aluminum zine sullide, wine chloride, 2ine
sulfate, zine nitrate, zine todide, zine thiocyanate, zine fluorosilicate, rine dichromate, zinge
chlorate, sodium zincate, zine gluconate, zine acetate, zime benzoate, zing citrate, 2mc lactate,
zing formate, zing bromate, zine bromide, zine fluoride, zing Hluorositicate, andfor zing

sahicylate,

12, The detergent composition of any one of claims 1-11, further comprising one or more
additional functional ingredients, wherems the one or more additional functional ingredients
are builders or water conditioners, hardening agents, bleaching agents, thickening agents,
fillers, defoaming agents, anti-redeposition agents, stabilizing agents, dispersants, enzymes,

fragrances, andfor dyes.

13, The detergent composition of any one of clatms 1-12, comprising about 20 wt % to
about 60 wit.% of the alkalinity source; from about 5 wt.9% to about 30 wt.% of the ogygen
source; from about L0001 wit to about § wi of the bleach activator; from about .01 wi %
to about 10 wit % of the amylase: from about 0.5 wit.% to about 20 wi.% of the one or more

nomonie sarfactants: and from abowt 13 wi.% io about 60 wt.% of one or more chelanis,
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14, The detergent composition of any one of clatms 1-12, comprising about 40 wt % to
about 43 wi.% of the alkalintty sowrce; from about 12 wit% to about 18 wi% of the oxygen
source; from about .02 wit% to about 0.03 wi% of the bleach activator; from about .4
wt. % to ghoot 1.1 wi.% of the amylase; from aboot 2 wi% to about 6 w2 of the one or

more nonionic surfactants; and from about 35 wi% to about 40 wi.% of one or more

chelants.

15, The detergent composition of elaim 14, wherein the one or more chelants includes

about 20 wi.% {o about 25 wi¥ of a phosphate, from aboat 10 wi.% to about 15 wi%% of'an

aminocarboxylate, and from about 1 wi.% to about 3 wit % of a secondary aminocarboxylate,
16, The composition of any one of claims I-15, wherein the composition ts a pressed

salid or a flowable solid.

17 The composigon of any one of olatms 1-15, wherein the composition is # Haguid

concentrate or a diluted ase solution,

18, A miethod of cleaning a surface comprising:

combining the detergent composition of any one of claims 1-17 with water to form a use
solution; and

contacting the detergent composition with a surface, wherein the suwrface 1§ soiled with a

starch-based soil; wherein the composition removes the starch-based soil.

19, The method of claim 18, wherein the surface is a food processing surface andior ware,

20, The method of claim 19, wherein the surtace is ware and comprises one or more of an

cating utensil, a plate, a bowl, a pot, a pan, glassware.

21 The method of claim 20, wheremn the ware is glass, plastic, coramie, andior metal.
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